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- A novel action mechanism for MPTOE028, a HDAC
inhibitor, inhibits tumor angiogenesis in vitro and in vivo.

Ak TiEE (R0O2443019) AR 2B ARE %P L
HEFARZAEEMGX  HNERE 104 F=6 A 17 HAT )]
FRAEBELELEBBRIRRE » 45 LEA

CEES-I J\%Q % WH (45 B442)
[ N
28 K
B & %
& %5

e om. Fh ke Wl




B 2 - BRI R gl B A R R PP R RFR S
MEAAFREEET UL TR E LA FRZ > BEPFFRRT AR
g o 2 BT ERAIFIA R g 2 E e o B i A Rl
EW?EQEF‘?&?&*E—%?’&&E KA - - Bdpen® £ 550 “EMEF L2 K7
P PR SRR ENRIR S RABE - R PRFHRT Y A p L Y
*ﬁﬁﬁﬁﬁﬁﬁﬁf’ﬁﬂiiﬁé‘ﬁéw\?f~k§U£Wiwﬁyﬁ
ﬁ%’%lkﬁ&«&ﬁ RagEr fESEFVFRAE Y R P Rl

OB R R P A NI A PR BB R OB F L &P
ANDEE o BT R RWEFALANL &Y - PR FAKEFRAR
PR A RIER > ¢ LHEAY AT LR R HEFT R IR IE B
R REFY L% AL XFanin ol 250G ARy A &5
LI BB Y RA MR SRS e AL A - 49 TR EEY PR
AR | R TR HT R SR chR A 0 B AP E 2 P B ST
R xR IR 0 S ERRSRIEE R 5 - A%l s - e G gRE
FPAdE~ FERT - BREDOE - FHERT TR EFY » B HEF IS DB
R IR R g o B GBI R WA T SR
HEESNE %\fm‘“ﬂ\ REFWE P LPEF At iz 2 U7
B g X {,‘rﬂé?'l«—&ralmﬁgjé,k TABEY S Y hp R o Ruen gy

3

TR BB BRI CR RJITFHRETT AN E ER T B AT
IR T TP L R R S R SRR EY E RS LU

K
Q‘
A4
(=9
|
e
~N
“},’;
I3
ol
K xH

¥FarFuitati

“m\ “
L)

b o TAFFET Vo
LR R R 7 ERER R RHETRLE
EAGICEEL R o TP LS A g}% SRR LR K A Ak
Ny R ELRIHZEFYORPERE ) AAFLES E-R- T B3 8
WA RF R EA T ROPF T AT R e s ERREREE By < <]
| eseminar — B P B fe T 3R 75'&‘{73 & ﬁ#%‘r'}éﬁﬁiljﬁv N I L Rl U P A
BE I FIRNLES EFENRPE > BT VRB FZF W A keha 150
AN R L ARHAR EE D 4 R EHTIRER o e 7 icE i
VAT AT > % AP E e 2 R B R T R o

BHILE £ B chacE B4 it“é’ﬁé%_* 2 B RAs S o frE Y P
FenaE Rl F Y B Y2 SR Y R E > e E B E PG B | B

R B X



2

B EBEARTITEE o RWE K] v

FEI

L

-\

HEA o G > B3I FEF §M%$%’#%iﬁ%i@ﬁﬁ,#ﬁ e
AEp A -2 o EAAHIL AEEY 262 A FL GO R
g

fvr
&

"
NN

o FEFYWER LML
BEEEEYRYS AL K E ARG (IERT
HAFEFREPFAP - RHFEop T Fud ﬁ%%mﬁk’ﬁﬁa'%
bk PEBRER A FEL BT OE 2 F L LA RIE kP

M A

BF S AR 2 BTG ahe R ENP o RHEIE R - A
FHESER R X LR ER - RGNS a%%mw@&JJzAgm
RIS AR L BE LR XA FR | R B Dl dR A AT FLA E G

=
la

ﬁiﬁ@ﬁ@%ﬁ*ﬁ%ﬁ’%uiﬁﬁﬁ*%++ﬁi%wgﬁﬁag,
B R AFEAFEA T R T R ACARA AL

&
=
%

&’ﬁg ER9z £) 2= 3K RN aﬁf&lfr FLAL LA T RN I A B 2RI 3
ﬁw’-&ﬁ”ﬁk*mﬂﬁ&ﬂﬁ—ﬁ%&’ﬁiiﬁﬁﬂﬁi%ﬂﬁﬁﬁ%

%iﬁﬁﬁ-% %*§&%“ft%»@ﬁﬁmﬁﬁﬁ B TR R AN

= NEaRiad xx:;éj v B E AT
i8I il SR pﬂ@yﬁ%%%%ﬂA ERE= SRk G |
T fp BOALPE S P AT AR LR 0 F AL e RS R

3
F
&?%%i%ﬁ%dJm%&%iiﬁﬂmlﬁﬁﬁﬁﬂifiﬁﬁ~§£§o

A

A Q}@;;&j—ﬂi.&mﬁij %I oo BEARAV B AT ok Avs > e BT ke A

iﬁ”‘lf—_ﬁwr’tfa"’i\;? ~—%i‘ﬁi%~—i¥i€{"f§éi%i%seminar\—43.i
Eﬁ_,__!‘ ,%Eﬁ.i;{f\q? 9-}(‘7/\5\. ]FB ‘X%’\METAT éé\'? —»] !f,g’gé*j’i&ﬁ:f;’kﬁjc ; %@F‘ ,
153

BFAFIACELAIRALEF LA I A RE YR AR EFE 2 ¥

CE AT RS IR TR

BHANHUE A o B FEEE . RALHE o 2 LIS
EFOFE S RAY REOFF RS RS0 o FIER T € FIAEE - BAITH
Rk EBRG EH- AT F 0§ AFBEIF AR IREN T T RERET Y
A ACFHFROGH HEP O R AR AL A AR AALE P Ny
ﬁ—%?*ﬁ‘ﬁ’T%ﬁgiﬁgﬁwﬁg%oﬁﬁiﬂ’%ﬁﬁﬁﬁmﬁﬁ
B RBEAREFIFHRIORRLED > LT LA AL DR T
3{4%:‘1,’:;’1’1),@\;?%; B2 g B ARAPS Sodd R 5 in -
M E AT R R B RE AR AP

};J%.ff@}\?ﬁ“é EF B~ RA PP 5 BERR lf’adﬂ.vf‘m'y CA SR I G\'IT‘JL? X it o
1



AKT
bFGF
BrdU
CDK
EBM-2
ECGs
EGF
EGM-2
ELISA
ERK
FAK
Glso
HDAC
HUVEC
ICs0
mTOR
MTT
NRP1
PDGF
PIGF
SAHA
SRC

VEGFR

8%
Protein kinase B
Basic fibroblast growth factor
5-Bromo-2-deoxyuridine
Cyclin-dependent kinase
Endothelial cell basal medium-2
Endothelial cell growth supplements
Epidermal growth factor
Endothelial cell growth factor-2
Enzyme-linked immunosorbent assay
Extracellular-signal-regulated kinase
Focal adhesion kinase
Median growth inhibition
Histone deacetylase
Human umbilical vein endothelial cell
Median inhibition concentration
Mammalian target of rapamycin
3- (4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
Neuropilin 1
Platelet-derived growth factor
Placental growth factor
Suberoylanilide hydroxamic acid
V-SRC avian sarcoma viral oncogene

Vascular endothelial growth factor receptor
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= F #72  (angiogenesis) E_jE ® T RAR PN chm F oA (R AT F K -
B4EEMR > #ahI adthrad EFT E_j%.‘« g i s T B AR LR R g 4
BEBEF L EREAFE S o whe 4 o FpAFe4A (HDAC inhibitor) 3 i
2 jm‘rﬁ o R NVAR L & ’;ﬁd # ¥ histone 12 2 non-histone F-v 14 ¢ fgit
R B ERE AT (oncogene) 12 E Frig 2K F] (tumor suppressor gene) i IR o
BB E PR R R 0T o Mt Y ha 3L A48t MPTOE028 $1tx g A72 MHGE
F]+ (endothelial growth factors ; EGM-2) 3l4zx g &72 e i7 % &2 & 5 454 o
MPTOEO28 % - B £ #z358% (N-hydroxamic acid) 72 ¥ »  pFs ¥ - B HDAC
Fraldl o e 3FEIETERRT LM EP R IriR e Dd £ T RS A pEAR P
CRNTRAERF-H g A AARHY BT %Y # IR MPTOE028 it 43
el A SRR L e 3 4~ dwte dnfS (TR BEa B F YRRy o e pE
& LBRE > B+ MPTOE028 » ¢ B8 % - 4k # P 4 2 £ 715 £ ® (VEGFR2)
HT BB eE > ¢ dadrd] ErkL/2 - Akt~ p38 MAPK - Src 12 2 FAK eghpi it o
FIh 57 FERRt L & p gl g AT P | > 41* Human OneArray & 5 % 4
7.5 MPTOE028 AUTif 2 A R N L im%e > B F 472 4pM A& Flehd o %
Ao A GRS 39 F-1(NRPL) > e pFs £ VEGFR2 2 £ p X % » # mRNA 11 2
o FREPHETE o RBFHRewrER AR NRPL, 2% R 3 2y F &
MPTOEO028 #r+| e 3 24 o £ 4837 MPTOE028 #r4| NRPL i 4] » 4% & 5w
B 1702 5 W MPTOEO28 ¢ J5d 5 40 # 4]+ Spl 2 ¢ it > & 3¢ = Spl &
DNA #4c4 T "3 P ¥ i &2 NRP1 £ & 7 "% 5 B - & in vivo matrigel plug assay

AR R MM 0 2 EF MPTOE028 ffip &3 PS4l g2 2 Y

MR it o F|ptmid iy P A shE % > MPTOE028 ok k ik 3 B + » EFiE
- HFEE AT FREURME Fun ”F‘: ¥4 2. HDAC Fr#]& » » ¥ o 4] 5 ;ﬁd Frd)

NRPL £ L& - i Sl4rdli § 474 chicn o
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Angiogenesis is the physiological process through which new blood vessels form
from pre-existing vessels and is also a normal and vital process in growth and
development, wound healing, formation of granulation tissue as well as tumor
proliferation and metastasis. It has been reported that histone deacetylase inhibitors
(HDAC inhibitors) are a novel class of small molecular anticancer agents through
modulating the acetylation/deacetylation of histones and/or non-histone proteins and

therefore altering the expression of oncogenes or tumor suppressors.

MPTOEOQ28, a novel derivative of N-hydroxamic acid, as well as a small molecular
HDAC inhibitor, has been shown to reduce advanced solid tumor growth and has
entered phase | clinical trial. In this study, under the induction of EGM-2, MPTOE028
showed an effect of inhibiting angiogenesis including cell proliferation, cell migration
and tube formation. MPTOEO28 also inhibited the VEGFR2 downstream signaling,
including reducing Erk1/2, Akt, p38 MAPK, Src and FAK phosphorylation. To further
study the mechanism of MPTOEOQ28 inhibiting angiogenesis, we subjected the
drug-treated HUVECs to the Human OneArray to analyze the angiogenesis-related
genes. The result came out that Neuropilin 1 (NRP1) mRNA, transcripted to be a

VEGFR2 co-receptor protein, has significantly decreased compared to the control group.



We subsequently found out that the overexpression of NRP1 could significantly reverse
the inhibition of cell proliferation caused by MPTOEO028. Furthermore, by using
immunoprecipitation, we revealed that MPTOEO028 could increase the acetylation of Sp1,
which is an important transcription factor of NRP1, therefore redued the binding affinity
between Spl and DNA. And by matrigel plug assay, MPTOE028 also showed an in vivo
inhibitory effect in blood vessel formation. Taken together these studies, we can make a
brief summary that MPTOEO28 plays an inhibitory role in angiogenesis and may be
through inhibiting NRP1 mRNA and protein expression. After further investigation of
MPTOEOQ28, the new HDACi may be a potential candidate of possessing both

anti-cancer and anti-angiogenesis properties to inhibit tumor progression in the future.
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- ~ = g #72 (vasculogenesis & angiogenesis)

1.1 Vasculogenesis & angiogenesis
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% 48 3 » vasculogenesis 12 % angiogenesis - vasculogenesis i ¥ 35 p 3 {2 E

*o§ RIS iEAR R o 4 W Sgiw e endothelial progenitor cells (angioblasts) €
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REFFEFFI AL we b AT A BE > T p FAA L R o RER o
angiogenesis B E 01— B R o F k RIFLAH By e L
(sprouting) % & I Arehiplicn g o0 2 (6 8 L e g (capillary) o i e
(pericytes) Tk M7= A74 n ¢ (Weis et al., 2011) - J 47 vasculogenesis 2 = i ¢
PR 0 K5 angiogenesis {5 o K-ds IR FE AR K AL Ak o @ AR - B B e R

AR (R e

5 4 Mi # #74 (sprouting angiogenesis) @ F £ > i F P A i FoehiRiE g F
Frd ehd RS R MARE T B B L Bk pE A A K
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(Folkman, 2006) » ¥ * » & # #74 & LB & BA? HERH B @ hrERL K

bk FATA R G RRACRR RS B 2 LR TR ERE R e
B4 o A APPSR AT S 0 b B ATE 4 AETRIEE L UL R e B R A

Wit B E LS pEY b L& o = (Carmeliet, 2003) » ¥ h s F I F
FIARE Gl P AR AL RESEERE RE  F UESE R

Ry AL %’c%’& )@\4‘1]&_}5%55 (“Tff%\' ]_) °

BN T T IR L2
21 mL#F R X
g =~ 1787 # » d John Hunter &4~ #& &) ¥ 45 i w § 02 & ; 1800 & pF — & 4%

BpRE PRI AR Rt it A R NATE 8 F T 0 ARG E

5

L3 ERNREET (1039 # o1de ¥ A FI S K g HAEATE S e B
fﬁﬂ g+ B g R BT & BRBT A f A RGeS F 2 R PR (Ide
AG, 1939) ; 1945 & p# > Algire & * a2 B WA AH 4 F 0 {Fr a8 7 o
B R mie v I e ey 2 R R Vo AR wme iy 24
Ekpidhaid > AU ERFELF L A,T&;{Iljé\l%”rﬁﬂi%f’

TR ROEH RS L REROIIRT BT § o 2 £ Tt
PR B g BV A AR Y T - s K% (Algire et al., 1950) - 1968 # -
Melvin Greenblatt = Philippe Shubik # 7 » ¥ 3 4 - B #3t B ¥ 7 e LI B
Bt e bR fe T L AT 0 AL § Tk § A2 - B PG5 IDEfoRE
g Meptlge F A R AL R &0 ¥ Mg a4 §(Greenblatt et al,
1968) -

E 5] 1971 & > & § A72 2 < Folkman F%* RV R R RO RN B
TAF (tumor angiogenesis factor) » I #& J14p B chiGi > 305 4o % H ¥ Pp4civ* >

fofe A oic HER w f 100-200 pm FEHEL oo BIRF m F AT 0 MR (AERAT R
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12 mm o fe § "hE /ot F] 1-2 mm pE T & B TAF ik 3 8 4 o 3 5
WREEATE H s F AT F 0 A4 R e R F oo e 8 (Folkman,

1971) - # ¥ % Folkman 1996 +# 4 ¥ 4% 11 "% - FF 2 3234 (two compartment theory)

"R R R e & N AL S AR T M o M A EAEY 0 4 4 A F 5 e

FehAdd o A REE Y & oo AR i k¢ (ecosystem) o ¥ A =

PRl 2 MR BREE O e e AR E B me T AL K F
RrA GRS F REGEN Az i 4 S A P Lwmres Toulsd A4 H g

i FATL T KGR e i 2 o R BRPLLF A
(paracrine effect) % 4p 3 i¥* (Folkman, 1996b) o i 46 " #; m % 22 p & ‘m ¥ chijp 3
£ PRIL > T LRI PRLEE L AT B PN B @i £ 2
WA - LS EEATE BRI R B S L2 A YL F AL B
5313 °
% 1983 & pF > d Harold Dvorak fris ek ¥ $ L /22 > @ Pamela Keck {r i %
A PRS- i F L2 R TS B EP Uk e F G RTS o
BRAA A BEFEBRFFR AEBEELTME (#F) R FNERTE
w0 B4 B VEGF 24 a8 T ERFER A Dwe A Rs F

A
N A R FF o2 {5 >Gregg Semenza fris enfe ¥ 0 {8k A P 3 H TS (HIFL) ¢

%;—
ey
T
h—

R FIFSa p A2 R TG ARAELTFF o Lied o Ferrara fr
Bk o Aol RF &I o g p L2 R FF DIERERFMI v a0 P
FEAZE AP o L F P A A K TSV L 4 Ao 4 £ (Ribatti, 2007) © i
B3 IR 5 %4 1 $88 bevacizumab (Avastin) <3 B frfesk B * 45 « AW 5 8 &
B b HFel R el A BB RS S ER F L h & 2004 &4
bevacizumab (Avastin) # * ** 5k A% 8 % > % 7 Folkman % & 30 % &

e SRR B ISR R LT R



22 MR g AT iER

W me il FATA S - B EHFiEL 0 UTEV A RA G BHR:
1 FA ke grid- o 74 %3 > A& Fa §p Lwed £ 55
(vascular endothelial growth factor ; VEGF) ~ = |- ¥ 74 4 & %]5 (platelet-derived
growth factor ; PDGF) ~ d& [+ 4 2#* mr 4 £ %]5 (basic fibroblast growth factor)
(Folkman, 2006) -
2. BFEBATLTFS £ R LI P A we i ® (vascular endothelial growth
factor receptor 2 ; VEGFR2) » # = B p e it 2751t p L dwve » T K wre p
3, @yt b4 PIBK-Akt-mTOR pathway # ¥ MAPK pathway -
30 MNAmwELEAS T s FERmE N Ame P e ERAT LB Y R
(Matrix metalloproteinase ; MMP) 12 2 angiopoietin-2 > i&7 # ¢ & K f#5 & & A%
(basement membrane) - ¥f ¥z b L 5 (extracellular matrix ; ECM) 12 %2 2724 & ¢ %
e 7FEATEA) (remodeling) > @ (7 B o ATE PR I chle BB P IY
AL e s e o
4, it mp 4o B s 4 (proliferation) o A K S en] ik B A A A
(migration) 12 2 & » (invasion) » ¥ 2 =& % 4 4] (sprouting) x F o ¥ b > Wz
PO e g a0 S TR e (tip cell) o TR F AL RATA S g b enintegrin o
dreoPs iR oPs il Fo F T e FHEEGS wd 2 RFFRRE MAER B DTEH
(75 fexhenp L dmre B € 4510 2 stalkcell » i (Fhmre H{ 4 cha (T at o F TS
A5 4 3% (tube formation) e
A p L e B s p (7 B4 (rollup) A5 = sk (vessel tube)s 7 e iE ddmgk n
# (vessel) * € 7 qpid g - BiRa R A 59 ATk § 92 (loop) » {5 R € F
FARLp fmre s 4o i ainrz (smooth muscle cells) fo¢h 4k fm®e  (pericytes) *
4
g § ~ &4~ A SHE A 4 (Folkman, 2006; Hillen et al., 2007; Potente et al.,

o

TAPERTA A F oo FRBVSLETT BheD R FER 0 TR mE L
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2011) (1 B 2) -

2.3 B ¥ AT Irdl A
;ggi Ry s 3 2 B AH > T ok R AT Fhodo i5d e
FlER e g ATA > BREEEBE L - ARk RF R E B RGP
o PR § 3TA R NTRB B & T ek £ 32T (A 2)
1. Frgliise e ¢ 474 Fl5 nig & A (ligand) % H < 48 (receptor) :
ML IEE R~ (R RH% B S P D S kS S T T3 E a (interferon-
a) T Brdld et A 2 ol 372 Bae F]S VEGF 112 FGF 5 5 #p e 4
¢ 3 Neovastat & 5 7 &€ #4& ¢ 354r 4]0 § P & % > $r4] VEGF : Rapamycin 7]
H5d &0 VEGF thg 4 2 drd] VEGF i § p L % chfl e » 3 B Fedla 4 37
4 ehp 0 (Gubaetal., 2002) ; SU 6668 p| & #r4] VEGFR ~ FGFR % PDGFR &3t
4, @£ (Muehlbauer, 2003) - Bevacizumab (Avastin) B| % - #t#< ligand VEGF-A
HARFM o B9 IS B - MBS AN RES o BT R FRILE PR
s A ek (Wang etal., 2014) 5 Aflibercept R 2 - ff2 & 123+  (fusion protein)
iT* % 2 VEGF % F #% VEGFRL1 12 2 VEGFR2 ch & » &> VEGF ehi & &
#r4) VEGFR ® 25 4, @iE > p 5 55K 2 % 2 %K% - 5% (De Souza et
al., 2015) - Sunitinib (Sutent) ~ Sorafanib (Nexavar) 12 % Axitinib (Inlyta) p]E_| »
=+ g tyrosine kinase receptor inhibitor % & 3] VEGFR2 = cytoplsamic domain » v+
Hop Mpipe VR0 T FaTU L @R NNk R T AR 1 2 T (Beltran et
al., 2014; Locati et al., 2014; Hoffmann et al., 2015) -
2. BEEY AMBL F P A e
U g R dwie bR eiRce G o iR o Ut 1T ORI N TRb R
¥ f4e D TNP-470 8- /84 = FAH9  (fungal protein) «hsfinde » 3F 3% 1430 Hr
FIp A Jove chfh B2 44 (migration) » 2 Frglp A oz 2 £ aiE % (Nelson, 1998) -

9
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pentosan polysulfate ¥ r#r4 | £ fw%e s £ F]5  (Folkman, 1996a) - H @ & f& %
* AR e F S N 1 R N AL e R e Wl 0 Rk chE R blde
g F s g L & 4 (nonsteroidal anti-inflammatorydrugs > NSAID) %% % integrin
oPs 2 B T e 4 @R (signal transduction) - B2 R dmre engd # o i@ i TldE
£ g #74 enp ¢h (Dormond et al., 2001) - » F 12 PECAM-1/CD31 iz fé 4% B chp &

wie fhie G (T fhen o Tumstatin 2% v )% f 3o e B3 Prdlp L lwie 2 G
e k= hiv* (Maeshimaet al., 2002) -
3. B AN L AL H AT P F]S

TR TR B IR GE N Rk RSk P S el B Hpae 4 6 % 12 (interleukin-12) g d

H 4 ¥ %% 39 10 (inducible protein 10, IP10) i&fdw ¢ A72 F]F]+ 14 24 > 2
TP FARRHE S RE T FrdlL FATL hP e B F 4 4o angiostatin
endostatin % o b $2 #7 (0 % 3 4o trebananib (AMG386) 2 2 MEDI3617 R &_
anti-angiopoietin > j& > angiopoietin-1 12 2 -2 fc 2 X B Tie-1 en & > P 50 ink * %
® % &4 % P L% (Leow et al., 2012; Marchetti et al., 2015) - Everolimus (Afinitor)
2 % Temirolimus (Torisel) 4> mTOR inhibitor » ¥ & ##r+4] VEGF e & = #:3 >

Fov g ATA F1F @ o Everolimus 1T G FROR R LR R - B o p o e

[

O TRAFESKF Z B om Temirolimus 7E 5 /o B ESH 2 5 - R 5 - NEH
Pae TRk iEsk s - % % = 8 (Sendur et al., 2014; Kordes et al., 2015;

Wong et al., 2015) -

4. @ * LF &G -9 L¥eF1H (matrix metalloproteinases inhibitors © MMPIS) :
ORI R RN et A ] ”a;ﬁd AT &% 0 L(MMP)hZ 4 21 1T ehfic
2 3 (microenvironment) =ip 3 (5% > 3G T ApE £ &k o MMP
H - #F-v F o f2% (proteolytic enzyme) > § I "G e — A= o fRiE ~ A R

(basement membrane) 2 R F (stroma) > ¥>t i ¥ 0% B2 R e B F £

St

L hd o R EBEERSL LA
10

TG gl i 0 1T ke



CRIET HAT I LTV frdlHEe §AT24 (Nelson et al., 2000) -
YLt i R 12 cn 4 4o @ Marimastat (BritishBiotec) .- f & = e T £ F-v
Z Fr4)& (synthetic MMP inhibitor, MMPI) » ¥ $rd]d ‘wme & @ ForZ & chjev
(Folkman, 1996a) » B = * &2 L L & 220) fmre % J% (Shepherd, 2001; Goffin et
al., 2005) - ¥ ¢k Neovastat » 5 & & % v F e i¥* (Nelson et al., 2000) -
Foipf bl mie R 2 SE B RREE o B L RS RAERERDE S 4o
COL-3 11 2 BMS-275291 ¢ >+ & = (e A i & Jf 39 L r4]#| (Laraetal., 2006;
Song et al., 2014) -

5. 7% ¥ 2 p .

SHENMTRA Y B nES R A S EF SR FH > 4ot thalidomide 2 2
thalidomide ¢hzg i = CC-5013 (Ley et al., 2015) ; 4F &t 3 /ix & $r 4] & CAl
(carboxyamiddo-triazole) f= COX-2 #r+1#] Celecoxib (Muehlbauer, 2003; Jeon et al.,

2015) -

=~ pPR@R G B

31 EFP AWML EFF2EL B2 BpPoAN

£ F AT AT TR R IAKFF NS > Eh LA ER IR L e

F_‘~

THFATRET o p LR ARG AT L g Rt AL L Y A
P om PATAF]F F% Ap Lo X BAILIEY Lo p FERL B &L
& o VEGF # % & f 3% %]+ » x &~ 5 FVEG-A ~ VEGF-B ~ VEGF-C - VEGF-D
3% VEGF-F - ¥ ¢t &3 ligand PIGF (placental growth factor) ; receptor 3% 4 B 5
VEGFR-1 (fms-like tyrosine kinase ; Flt-1) - VEGFR-2 (fetal liver kinase-1/kinase insert
domain containing receptor ; FIk-1/KDR) 12 2 VEGFR-3 (Flt-4) » ‘¥ %> tyrosine
kinase receptors (RTKS) o iz % B p f wmre i b cnle & 4 5 & g homodimer ~

VEGFR-1 & -2 heterodimer 2 2 VEGFR-2 & -3 heterodimer » 7 & si7ligand 43+ 2
11



fe chreceptor § B & - 4 o

MR Gt e 4 8 i’fu‘,ért 7 & & ereceptor ' % ligand 2. ¢t >R R I - £ 7 F

P2

¢h coreceptor §[++ - VEGFs = VEGFRs [r & 35 & {= co-receptor b|4esn i 3% 3~

v % @& (heparan sulphate proteoglycans: HSPGs) 17 2 # (& = F—v H (neuropilins)

“J\‘i

MBS et B L AL e T iR ¢ B VEGFR ehp B & & 0 b4zt & receptor
complex s % #p -

Foobogdone g }‘ﬁd 2t ligand & & 77 3V E 1 VEGFRs > &8 7 3¢ n‘?jﬁﬂ A =
- #& mechahanosensory complex - H ¢ complex i = ¢ 3 'w % ‘g F F] +
(platelet-endothelial-cell adhesion molecule-1 ; PECAML) ~ 5 ¢ P A w2 4135 F]
=+ (vascular endothelial (VE) — cadherin) ~ & % % (integrins) 14 2 VEGFRs » & )

A4 B4 2 NE ) A fwre (Olsson et al., 2006) (4B 3) o

3.2VEGFR = ## 4 ih

VEGFR:/& it 5 L & 7 ligandfrreceptor2. B eig & » @ ik § B 2 T
(hypoxia) ¢ #3kligand VEGFA:+ & 4 3L > Fl4* ¥ Ik 5 ¢ 48 L hypoxia-inducible
factors (HIFs) chizdg - & ¥ {rVEGFAZ Flefcd + (promoter) &g & - 34 H &
G o bt RO VEGFR-1--21 2 34 ¥ TR 2 T L2 ME ¥ € 3 4 - Ligand
VEGF fedi :# = J-v [ pF ¢ S mRNAGEE & 17 & (alternative splicing) » 2 = %
FVEGFZ 44 (isoforms) » & f 5 % Fehd Foiddt > 2 A 489 1 & 5 VEGFA »
VEGFAu5 ~ VEGFA65 ~ VEGFA g9 2 VEGFA,ps © — E imdtligandsis & 3| 2 g «h
VEGFR2 z_ #5 » ¢ i 1% receptor B 43 f %% jk % tyrosine e = ¥ p #8 @ pk 1
(autophosphorylation) » /& i {5 sireceptor § = 31 4p B F e R & > ¥ T R F S
e 4 By - 5 % (second messenger) > B 4p— i B 77 5k Ji o 2 VEGFR2
Mm% 0 % I ¥ aityrosine phosphorylation: 58 % f T ZFez & @R > Tyrosine 951

g I T AFesrcH de e B F M B A5 (740 4 (cell migration) ; Tyrosine

12



12147 11780 3 15T %5 B i FAK{op38 MAPK= & 3 4 it 8 30 35 1+ 4 *ecell
migrationsy # o Tyrosine 1175R] & ¥ f & i PISK-AKt pathway 3 4r o %2 73 %
(cell survival) » » # & it Erk1/2i8:e ¥ 3 24 (cell proliferation) - iz 4 VEGFR2™
PERL Bk R A g ik g ehRT4 (Olsson et al., 2006; Verbridge et al., 2013)

(" W 4) -

33 MAPKEZ8 5 B RT2
Mitogen-activated protein  kinase (MAPK) 3t - ¥ £ 3 serine-threonine

ER R R

AN

Kinase end-v > f F A d4rimrie p383F 5 4 Bihiea R
BT S WERA AT S GRS R RAEE cMAPK REY T AL FET
PEBGT o H Y R Rani: T A2 15 i S ¢ (1) Extracellular-signal regulated kinase
(ERK) pathway (2) p38 (MAPK14) pathway (3) c-JNK N-terminal (MAPKS) pathway

Lz RS A W AR LB B 5 2 e dpyrd (Liuetal, 2007) - MAPK 2 5L

DGR ET R I 0= Kinase» & A F PR g et X B L (T

5)

1. ERK pathway £ s ¢ #74 :

powe § AT BT Fral ErkL2 chia i i BB

=hg

=
w
She
4
|
)
Ak
=
p"
g
o

KI’U
=

AR mre £ e o BN LR RN R SR Y P o & R PP IR SR
o2 matrigel plug # e F A5 RS o 1 imie 2 @ 5 0 B ow microarray @ A 4
HErk1/2 € 2 Bz x g B -0 chig 4% @ 3% cyclin A~ cyclin B ~ cyclin D1 -
cyclin E~ CDK1 ~CDK4 2 2 ¢c-Myc & & » F|L £ 4 “f P-Erk1/2 e it p € i3 =
hA ek E 2 T GO/GL HpiE ~ S Hp o 5 GO/GL #p i F o e lmPe 5 {7 ke o
paxilliin 2 2 focal adhsion kinase (FAK) @& 4% =33 5 24 #9~% v & (actin
filament) cF £ ~ e F B M2 e BT ¢ B3 BER DF0 > ErKL2 E ity €

13



H 4 S —‘F'f Sk L IRGR dnfe e (7 gy 4 Fpt ] Erk1/2 aoE 1o B ¢ iE = paxillin
FAK & £ F-v 1 2 p-FAK (tyrosine 397) 2. 3-v £ R E ¥ T "% » B3 ¢ M1 T 2
P A FmRNA £ E > Fla fRl U BERFC g a B RG ARE

TR iEm E M H 7 ehae 4 (Mavria et al., 2006; Srinivasan et al., 2009) -

2. p38 MAPK pathway £ x. # #72

F5 e B p38 ¥t VEGFR2 T st & i o iw £ & 9rd > ¥ 2§
A > p38 ogid F s T £ hw f AT2 (Mudgett et al., 2000) > p A @
v p38 MAPK $#2rp L iz F AT2 B & 4w 5 (7 e0ic 4 0§ VEGFR2
it 15 B p38 MAPK B 5 0 & Y 15 e p38 € M mips it Hsp27 ~ LIMK1 12 2

cofilin » @ i & 8 30 B & #2364 5 (stress fiber) eh2) & 1 igmre £ (7 > ¥

74 ATy M b4k F RA 2 T > p38 MAPK A 14 ¢ Wik ik & VEGF 4 1
B a B §AT4 ann L @R (Issbrucker et al., 2003) -

3.4 AKUMTORE 28 5 F #74

PIBK/IAKT/MTOR /&5 d 35 5 Bigrensd £ 7|+ X B 4 £ 73 24 {897

i

& it @ 3£ ErbB family receptors, fibroblast growth factor receptors (FGFR),
insulin-like growth factor 1 receptor (IGF-1R) % % > ﬂf pt 2 *h GPCR + ¢ 5d /&t

RAS i&a 2 1 PIBK & 5 /B nl ~m ig = PIBK 2. 7F 1t o Bt 12 PIBK ¢ #

Fil

# 3 e gt > 12— ) i¢ {8 phosphatidylinositol 4,5-bisphosphate (PIP,) #ifs it = :
phosphatidylinositol 3,4,5-triphosphate (PIP3) » #yt# 35 - f A dxché d T3
PTEN:- ¢ #-PIP; 2 mipk it #& % = PIP, (Carracedo et al., 2008; Polivka Jr et al., 2014) -
PIPs ¢ & 4 mips it serine/threonine kinase phosphoinositide-dependent kinase 1 (PDK1)
r1 2 AKT threonine 308 =% (Manning et al., 2003) » & i* {5 7 AKT » ¢ Bips i
TSC2 i&m $r4] TSCL/TSC2 45 & 4 > @ & {7 RHEB &t 434 /%= i* mTOR 2 & 72 @
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T4 o Eit a9 mTORCL ¢ ;*ﬁr} B iv 2T 5enk-v @ 3£ eukaryotic translation
initiation factor elF4E-binding protein 1 (4EBP1) and p70S6 kinase (S6K) 12 3§ 4¢ F-v
Freng & oPIBK/AKUMTOR 277§ f w Ak ehib )5 o & é%ﬁé T #1156 Kinase
Fr4| PI3K =075 i+ (Burris, 2013) o & ¢t » gifg i* 12 2 Fr+1] insulin receptor substrate 1
(IRS-1) st :f & 3=v9 7 ¢ $>* insulin £ &_insulin-like growth factor 1 (IGF1) =734
1 PIBK B JLFE i f A fphd ¢ o uf& 2_¢h o E AL 1 e AKT » ¢ 3 4o fw e 73
e Lerj&r;:‘ﬁ d Fr+41| proapoptotic Bcl-2 #2% ¢ 4% BAD 1 2 BAX th& m E 5k w2
/%= (Engelman et al., 2006) (% & 6) °

P e 35 F 7 Bor PIBKIAKUMTOR B e v 5d RAS 7% % ~PTEN 4 %)
& R S R £ 7+ X Bhlde EGFR £ M4 & % 7 B RFE T o
PIBK/AKU/MTOR #t>>4f 7 427 T # e § 4 0 FELhd d > - £ VEGF
2 VEGFR % & 15 @ B fx™ 250k & o b)4e PISK 7 p110a ¢ ;g:j &+ ## ¥ Rho 9
Ak RN L e g (70 % w272 (Graupera et al., 2008) ~ AKt € 3 4e p A
fo¥e enil 4 1 2 5% (Primo etal., 2007) ~ T 259 eNOS £ IRy g 3 4ew F T G

R afhRsinre @ oo i R E Y PIBK/AKUMTOR B /S € %%r} HIF-1op B 1228 & & 4p

pas)

B e 3 4 VEGF 2 & F]+ e04 % 0 e BF PIBK/AKL » g%gﬂ A E e L p AT 4
B# F1+ &[4 nitric oxide (NO) 12 2 angiopoietin e JRi& @ K 4e "B R ¢ i § AT2
(Karar et al., 2011) - EGFR/PI3BK/Akt/mTOR /% € %ﬁ“v} & HIF-1o o 3 4
HIF-loadv F4mEm 2 FEHE mRNA £ - 2/ 3 4 VEGF 4 3% (Pore et al.,
2006) » ¥ # EGFR ¢ i+ 7 ¢ Ko 33 4 HIF-Lo2idn B (ke /2 > & 23548 PISK B
g VEGF fats 5 e sris i m i Pl 4c VEGF 4 £ ¢ 4 (Maity et al.,
2000) > Fpt A B 0 FF ST %’%’E’ 213 ¥4 drd] EGFR 12 % K VEGF

A m b Mg e 4 2 (Huang etal., 2002) -

z ~ A EEL F9 F (Neuropilin)
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4.1 Neuropilin 21 2 2 # &
Neuropilin4 % Neuropilin-1 (NRP1) 2 % Neuropilin-2 (NRP2) = i subfamily »

H - 7 %P -0 (single pass transmembrane glycoproteins) » % #.%5 44%

o
o,
EIRS

A d = Bdoamin#tie s i o sErbdomaink) d 840 B AR A 0 — B 0T
wodomain s 11 2 940 B =L L 7 de = W domain (PR 7)o Ak Bk 2 A it
&1+ (catalytic activity) (Schwarz et al., 2010) » e # %-p domain ¢ fr— B if & 3
(adaptor protein) synecting: £ 5 GIPC13 4p i7* » v/ i858 fmbe p “% £ % thie %‘r@‘ﬁ%]
(endocytic trafficking) (Salikhova et al., 2008) - NRP1ligand = & » % - B 5 42
1 % 3o semaphorin 3 (SEMA3A) > A ¥4 'gdhR (axon) 2 & * » 5 ¥ - BR 5

VEGFies5 * #.NRP11% = VEGFR2 co-receptor e 33 #u § A7 £ & BE&E o

42 NRP1# 5 ¥ #72
BAAPLE T PEE U E ATA 52 NRPIH S # B AT4 & g iR £ R ehd & iy

B A fs v 2 R (Fantin et al, 2011) - % #pF7 5 3 T & A FlfE 7 ¥ 2 4
(transgenic overexpression) NRP1e- | & ¢ > jicn g ek L g H 4o > 22 B PF € 33 =
D IR % (Kitsukawa et al., 1995) 5 & 2 ¥ — 2 6 3 a NRP1#A > R ¢ 32 = ] &
SR E A RE2Z T A M f 4 s (Fantin et al., 2013) 5 BRI g DR A
knockdown®r & sz % 4 cPNRPlars 2 NRP1bz {8 » € id = *% M ¢ 2 =11 2§ 7%

fe## %752 (Wang etal., 2006) » %] Bl g #74 cof % ¢ > NRP172 i n £ 1R
B A e b0 A g g e (neural progenitors) M E BT A g F R HE R
e b g 43k (Fantinetal., 2010) o % v 2 “h - NRPLs 4L § 3 4c VEGF 1 2
fnvz b [ ET (extracellular matrix 5 ECM) #7jcehp 4 sn¥e #% 5 (Raimondi et al.,
2014) - k& b 7 erRP1“$ TRBRS R T on g ATA 20 R

$74 @ =4 B4 47 &4 gk (Fantinetal., 2013) (‘4 B 8) -
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I~ e¥v9 dopgeitpe (Histone deacetylases ; HDACS)

5.1 %tz F134 3 (Epigenetic regulation)

# i @5 (epigenetic) 7 4 &4 C. H. Waddington *+ 1942 # i¥ % {3 2 & i
FBE LA &4 (Waddington, 2012) - £ % - Robin Holliday #-# #cif @ 5 2
T AATRG WO T ERY CHAFBERAFT R B B Edlaomy o
Flt o e e FAENRKEERRE BHE T 0T E > m 2 WS _DNA A5 o
Adrian Bird #-4 il @ 2 & 5 0 ¢ MO @ 0 I Fods - B D RN R
R ER G (Bird, 2007) 0 i3 B % & T e 45 DNA 240 & dmoe ¥ ) chic 8
S sl Rt R VT AR E | L AR R R AR ek
B i3 A% il B AT o

Epigenetic regulation £ 4p 7 :x 2 H & A 71 > @ 22 % 2 $+ 48 % 33 (phenotype)
AR TR RSA TR N o T 2 > 24 @ F]F (non-genetic factors) 314z
LIES I B %{Kﬁi&fﬂé%ﬁz o Smied B g dmre AL I G o TE - B
ferrz e @ FEApR G REHAFARIA R G L AFRFE D AR
F o grAk g A B S A FA TR S % o AT 4] ¢ 45 DNA 17
# 1 (DNA methylation) ~ & 3-v ehe fpit 2 3 ¢ it ~ o7 z i+ (Histon
acetylation/deacetylation & methylation) ~ 2 % fz ] RNA 7% 3 (microRNA

expression) (Hajji et al., 2010) % % -

52%¢ TR g &

A FE R DS F DNA frg 2 d AT /7 39 Feoole g (histone) &im
'z 8y (GO/G1 phase) ﬂf‘ BHRENUB AR B AN L PRI PR TG
¢ FenH 45 7] 4 (nucleosome) » 1%/ 48 5 2 /2 %) 10 nm ehi Fl3ka) > +

%4 200 B (160-240) = %4k s % (base pair) %1 DNA frI fhle 3o %4 @ & >
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DNA @ 1%« 175 % > 3 140 BRAAY - 2 ¢ wfble v (H2A~H2B -~ H3 - H4)
L2 aFas A RMO] RE o AP Mabie B (R 9) e Bow e R d R
7oA A > 4 WA E %4 F (euchromatin) £ £ 4 ¢ B (heterochromatin) » &
ZRBG AT 2 Bagpd FRRAF DHRA A FRRFE B S
§ OB HREACT A AR KGR B o A e PR

H s quz v Fee ¢ R S IR SRR RF 0L G e i (Hansen,

P e drini gl i 4R & 200 T Do gt F O (acetylation) ~ 7 A& it
(methylation) ~ & it (phosphorylation) 2 % ;2 % i+ (ubiquitination) » & ## 4% {2
i 4 ¢ B8 3% &7 DNA mT BATE > oA R A F s 2 e 1L fig
i enp¥ % HAT (histone acetyltransferase) i » H 2 Fa ¥ LW e §od ~ fér
FF - fmve ﬁsgﬁ%] Fl+ M2 e iz £ R BAGE Y oo WG ABRAFB O
& B4 EEFT T R #rAa bromodomain B kL L ARl dhie o o
ea FER I Fenigipfodn M A& Fleh4 3R - histone acetylation & % 2 ¢ { histone4
lysine £ 4& F enit 47 > @ 282 F 5 f %7 DNA B¥Ecfl > 20 e & 55
A T2 fadi G FHad RSB ARDEE o LRt g0 X R0 AL F
Lenfe B A RS T B9 A AR B9 fEEfR 0 28 48 39 48 <R (Zentner et al,

2013) (¥t ] 10) -

5.3 HDACs & HDAC Fr+|#]

2 3F-v 4 ¢ figit ps (Histone deacetylases ; HDACs) = HAT % 5 % &
epigenetics AN ERFEZ » LA SR T e fpit iz 4 o HAT & & 3
H 75 F] (tumor suppressor) &4 i g m e X Tl 0 @ HDAC ehi®* pl & 4p & o
BEEr Y wre? FEITEE RITE K LR R 2 e B o A R
DA ¥ Mo T FR S {rHDAC bfpimre ¥ iR 2249 M (HB 11)- p W e
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v HDAC % 5 18 f&fis - iz pe &7 it * ) catalytic domain e iR 4o = < 58 (% B
12) :
1. Class|: HDAC1 ~ HDAC2 - HDAC3 ~ HDAC8 (% # 3>t w2 §%)
2. Class lla : HDAC4 ~ HDACS ~ HDACT7 ~ HDACY9 (# 3t im¥e 1% 2 ‘w2 1)
Class IIb : HDAC6 ~ HDAC10 (% # 3>+ kn%e )
3. Class Il : Sirtuins 1-7 (# 3R fm %z % ~ o¥e B 102 5U4Y)
4. Class IV : HDAC1L (% .3t fm ¥z §%)
'*,f 7 4 #g Classll Sirtuins 1-7 # cofactor 2 NAD" 1z #t» # & HDAC isoform cofactor
* % Zn®" (Alenghat et al., 2014) -
7 e HDAC #73d frend J8ab i w4 4 b2 A (4 3 B2 ko g B>
£ 357 4p B e transcription factor~histones~chaperones 14 2 DNA methylation % % >
WWE kS FAKZIETHF M HDACs chE ¥ E it e agr & F ML (4

4) » Hodox o1y g T s W s U s L E A ;,Ja,‘fj{;;%.g BB ia b o F]pt HDAC Frd

s g #0 e DNA 5§ 18 enig 4 74 g > 3 4r ROS i = enlm iz 5+ = |
% HDACG #p ii# protein ¥ » ¥] HDACG6 #_# ik 5. %9 (Heat shock protein) 90 s client
protein » F|t Hsp90 th& g 77 § B> 0 @ iz dp M i L @iy FUt AR
(Khan et al., 2012) (*{ @ 13) -
P 3 HDACH 14| i fB it 8 B457 4 5~ 24 (4 5):
1.  Short-chain fatty acid : butyrate - valproic acid (VPA) ~ AN-9 (prodrug) > & & 4+
¥+Class 114 2 Class llasHDAC -
2. Hydroxamate : trichostatin A (TSA) ~ suberoylanilide hydroxamic acid (SAHA,
vorinostat) ~ PXD101 -~ LAQ824 ~ LBH589 » p & % Class 12 2 Class Il -
3. Benzamide : MS-275 ~ CI-994 (tacedinaline) » = —“ﬁ#ﬁ%dHDACl ~2~3~8-
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4.  Cyclic tetrapeptide : depsipeptide ~ trapoxin A ~ apicidini & #r#|Class 112 % 1l -
5.  Electrophilic ketone : trifluoromethylketone > i & #r#|# % #HDACE — |4 o
6.  Miscellaneous : depudecin ~ MGCD-0103 > & & ##r4]C lass | HDAC 3 #% -
B a0 HDAC e % 520 B iR/ i8Sk AR K AR 5 > P @B g%+ J AR kAx s
BB (fit4 6) 0 frilde S a9 { 4o 7RI dr 4]z ¢ epigenetic regulation £
Wik Uz Y RE LY v B R AKREISKP 0 fI* epigenetic therapy HDAC

inhibitors s &k fek % B & £ w s # %+ (Westetal., 2014) -

5.4 HDAC #r#|#]# 5 4 374
Pae i EP HDAC #x T2 85 %27 Aal i 25 A &

Tk A 3 P HDAC # 11 G ATA o f e0A5 = » H 3 & 44T (Shankar et al.,

2008) :

1. ¥+ 3 3 ¥ %15 -1 (hypoxia-inducible factor-1 > HIF-1) % 3 HIF-1 2 -
& heterodimer crig 4k #]+ > & HIF-1ot 2 HIF-1R#7H = o flw?e 3k 3 )k i
%3 T HDACL-3:h4 R E € 3 v i@ #rd|p53 1 2 VHL 7 2 -k f2 HIF-1a. >
% 7 HIF-lo4 2 VEGF ch#& 38 3 4o Wi w § #72 o ¥ ¢b>Class 1l 7 HDAC
32 HDACA 67+ € 3 37 & 38 B HIF-Lo» # 40 2 AL Fli 5 14 (
WA T)e

2. AP Awve— 5 v F &85 (NOS) ehi I 0 1L B E P L Wi hrt iy

3. #r#4] VEGF =48 (antanogist) =02 = » |4 semaphorindl -

4. 34 bFGF mMRNA e 38 > i ¥ bFGF i&m £ 8 VEGF 2 VEGFR fp A 'w
2 kIR o

5.  # ¥ angiostatin ~ platelet thrombospondin (TSP) 2. & 14 -

6. Frilp L2 o HF{cL e g (capillary) 3 o

Mol PEE 5 4 I HDAC Fri| A (8% flpimie fop L imre? o ¢ 3 B
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5 e FATAAPM A T 0 2 e A el F 02 A F) HDAC sl |
F 5 SR g e B AT > R RS R A T ARG A R R R TR B R E &

= % (Ellis et al., 2009) (% 8) »

= ~ % ¥ 3 (cell cycle)
6.1 % i # &

e F P et R Ewe AR FRE T UARAS LA BREY T
(interphase) 2 % 'm® & 4| # (M phase)e @8 ¢ »x & 5 = BpFE GO/GL (GAP 1) ~
S (synthesis) ~ G2 (GAP2) » i & 1 i* i (7w thd £ 12 DNAGWf1 v &
% M phase (mitosis) » % ¢ B k% bR &k ek A Ml dwie el A cnim
AT R A A A Biwie o 19 - #end_Glphase £- BB 4R % < hpEY

e A B B P-id chim e 0 Gl dof e 0 Glphase 2k ‘et H 3 Fi G Gl 0 @

homve A B R chime P bldo A SRR N L dme > Gl T il PR 3 fK

6.2 lm¥e ik Hp A Iy

e T ?Eﬂ'\'iﬁ%"‘ wie 7 cell cycle » tim®e k8¢ § & B HFrRNBET iz dim
e AT AR {7 e P 0 LG 'L B (restriction point) < it restriction points A %] f
GO0/G1 phase =8P > 12 2 G2 phase £ i& » M phase p¥ > I ¥ §.d % fp ik 8) 3
Cyclin ~ cyclin-dependent kinases (CDKSs) » 12 %2 cyclin-dependent kinase inhibitors
(CDKIs) #73 » ik fm¥e 7 eIk B R ¥ > A T w e i3 ¥ £ F ¥ 32 » T — B phase »
CDK 7 & 22 cyclin $&a524F &4 4 71 > Llwmrie g7 > cyclins
€ LTI RAEEE A8 L2 A CDK B o & Gl phase B » 5 im%e 5 < )

4 £ FF ehflgo ¢ 84k cyclin D shif ik 2 3 ¥ ¥ ¥ CDK4/CDKG6 2 = 4F &
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P is 2 pRpL i 22 {473 E2F 4 & ghretinoblastoma (Rb) 3-v > #if4 i 59 Rb (p-Rb)
¢ E2F 23 ¢ E2F 2 FAp M A Fleni s e it 0 ¢ 3£ F ¢ S phase DNA £ =
eracyclin A~cyclinE 12 2 CDK2 - # % > cyclin E &2 CDK2 A} = 45 & 4= i¢ {5 w2 (¥
2 j%_G1 phase & » Sphase > @ cyclin A &2 CDK2 4§ & # P| iB:E ‘P2 iF 8P :& ~ G2
phase (Musgrove et al., 2011) (* ®] 14)-:& » G2 phase {¢ » 4 ¥ d cyclin B2 2 CDK1
A EF kP iriwre ki ~ M phase it 7w 0 SiA 4 o M pahse ~ & 5w #f
(prophase) ~ ¥ # (metaphase) ~ {s #F (anaphase) 2 2 % #p (telophase) o ‘m*& 4 %
i 7 £ CDK activated kinase ¢ ##fiz it CDK1 Threonine 161 s> % - f¢ p¥ Cdc25C
st pRpL 1 p% % B € #-CDK1} Threonine 14 14 2 Tyrosin 15 = ¥ eapi 192 "$ ’

B H A it vk CDK1 )% 1 5 » & ¥ & cyclin B & &) 47 £ 4 & m?2

i£ » Mphase ¥ = = 3 Sk~ 4 (Narasimhaetal., 2014) -

¥ ¢t CDKls eri® ® 2 2 Frd]cyclin ehk I 8@ 33 357w P2 33 Hp cnig 47> plb ~
pl6 ~ p18 ~ pl9 ¢ Fr] cyclin D 2 2 CDKA4/6 ;% 4F £ 4 » i ¥ T % E2F 72 % Rb
AIFARE N 5 p2l i R £ IR € #rd] cyclin E @ (7 wre &2 i~ S phase i =
GO/G1 arrest; p27 | ¢ #r+#1] cyclin A 8258 S phase DNA g @ ; p57 R ¢ #r4] cyclin
B i¢ w2 s ;% j£_S phase i& » G2/M phase - &g mre ? » izdt CDKIs ¥ 4R & #r%
# %] (tumor suppressor gene) # L IRE €0 0 4 2 R G i ) HT RS 0 ke
BAnd 0¥ e 2 102 R0 me B2 T G puR B G E F 5 5 H 4 CDKI
4o p2l ~ p27 eh& R0 @ Frd] 3 B ocyclin s R mre 2 4 GO/G1 phase arrest 2
_G2/M phase arrest> @ 35 ¥ & & im?e 3F P 0T o ) 0 e cnd & F 3 4 (Warfel

etal., 2013) (% @] 15) -
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%4 1. Disease characterized or caused by abnormal or excessive angiogenesis.

QOrgan Diseases in mice or humans

MNumerous organs Cancer (activation of oncogenes; loss of tumor suppressors); infectious
diseases (pathogens express angiogenic genes!!2, induce angiogenic
programs!!3 or transform ECs!!4); autoimmune disorders (activation
of mast cells and other leukocytes)

Blood vessels Vascular malformations (Tie-2 mutation®®); 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

Adipose tissue Obesity (angiogenesis induced by fatty diet; weight loss by angiogenesis
inhibitors112)
Skin Psoriasis, warts, allergic dermatitis, scar keloids, pyogenic granulomas,

blistering disease, Kaposi sarcoma in AIDS patients!l4

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

Lung Primary pulmonary hypertension (germline BMPR-2 mutation; somatic EC
mutations?3.75.76). asthma; nasal polyps

Intestines Inflammatory bowel and periodontal disease, ascites, peritoneal adhesions

Reproductive system Endometriosis, uterine bleeding, ovarian cysts, ovarian hyperstimulation2®

Bone, joints Arthritis, synovitis, osteomyelitis, osteophyte formation12

Carmeliet P (2003) Nat Med. Jun;9(6):653-60.
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%t# 2. Angiogenesis inhibitors : current indications.

Mechanism
Drug of Action Disease Area  Clinical Trials FDA Approval Status
Bevacizumab Anti-ligand: Colorectal Phaselll 1st & 2nd lines  Stage IV/metastatic, with
(Avastin) antibody to VEGF-A fluoropyrimidines
QOvarian Phaselll 15t line Pending; combined & in maintenance
Breast Approval rescinded due to
safety/efficacy concerns
Aflibercept Anti-ligand: fusion  Colorectal Phase lll 2nd line Stage IV/metastatic, with FOLFIRI
protein
mimicking VEGFR-
1 &-2 binding —=
| VEGFs
AMG 386 and Anti-angiopoietin  Colorectal Phase |/l Awaiting phase Ill studies
MEDI 3617 (antibody that ovarian
inhibits the
binding of
angiopoetin
1 & 2 with their
receptor Tie-1)
Sunitinib (Sutent), Inhibition of Renal cell Phasell Clear-cell metastatic (sunitinib,
sorafenib (Nexavar), VEGFR-2 sorafenib)
axitinib (Inlyta) (among other
(receptor tyrosine  actions) HCC Phase lll Childs A cirrhotic background
kinase inhibitors) (sorafenib)
Thyroid Phasell Metastatic papillary
cancer (axitinib, sorafenib)
Everolimus Inhibition of Renal cell Phasell Recurrent, high-risk
(Afinitor), TVEGF synthesis
temirolimus (among other Breast Phasell Aromatase inhibitor (Al) failure,
(Torisel) actions) with an Al

(mTOR inhibitors)

FolFli = folinic acid, fluorouracil, and irinotecan; HCC = hepatocellular cancer; mTOR = mammalian target of rapamycin; VEGF = vascular endothelial growth factor;

VEGFR = VEGF receptor.

Joseph SO, Wu J, et al. (2012) Oncology. Nov;26(11):1021-30, 1035.
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%t # 3. HDACSs: molecular function and role in normal development.

e —
amily Substrates Binding Partners  Tissue Expression mouse knock out phenotype
member
HDAC1 N p53, MyoD, E2F- Sin3, Mi-2/NuRD,  ubiquitous embryonic lethal day 9.5, p21 and p27 up-
1, Stat3, CoREST regulation, reduced overall HDAC activity
androgen
HDAC2 N Bc|_ﬁ?g3t513. Sin3, Mi-2/NuRD,  ubiquitous viable until perinatal period, fatal mulitple
glucocorticoid  CoREST cardiac defects, excessive hyperplasia of
receptor, YY-1 heart muscle, amrythmia
b= HDAC3 M GATA-1, RelA, N-CoR/SMRT ubiquitous embryonic lethal before day 8.5, defective
Stat3, MEFZD, cell cycle, DNA repair and apoptosis in
YY-1, SHP embryonic fibroblasts. Conditional liver
knock out results in hepatocyte hypertrophy
and induction of metabolic genes
HDACS N/IC nd EST1B ubiquitous nd
HDAC4 NIC GCMa, GATA-1, ANKRA, RFXANK  heart, smooth muscle, viable, premature and ectopic ossification,
HP-1 brain chondrocyte hypertrophy
HDACS NIC Smad7, HP-1, REA, estrogen heart, smooth muscle, myocardial hypertrophy, abnormal cardiac
l WA GCMa receptor brain stress response
class
HDACY MN/C FLAGT and 2 HIF1a, Bcl-6, heart, placenta, embryonic lethal, lack of endothelial cell-cell
pancreas, smooth adhesion
muscle : ] ) ;
HDACS9 NIC nd FOX3P smoaoth muscle, brain  viable at birth, spontaneous myocardial
hypertrophy
HDACE 0 a-Tubulin, nd kidey, liver, heart, viable, no significant defects, increase in
HSP20, SHP, pancreas global tubulin acetylation. MEFs fail to
class Il B Smad7? recover from oxidative stress
HDAC10 0 HSPa0? nd spleen, kidney, liver nd
HDAC11 N/C nd HDACE? heart, smooth muscle, nd
class IV

kidney, brain

Abbreviations: MEFs, mouse embryanic fibroblasts; N, nuclear; C, cytoplsmic, NIC, nuclear and cytoplasmic; nd, no data

Witt O et al. (2009) Cancer Lett. May 8;277(1):8-21.
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%% 4. Aberrant regulation of HDACs in cancer.

HDAC Normal and oncogenic Expression in cancer Genetic evidence Reference
protein associations

Class | (homologous to RDP3 yeast protein, nuclear location, ubiquitous tissue expression)

HDAC1 HDAC2, CoREST, NuRD, Elevated in gastrich, KD induced growth arrest, decreased viability, and 7-9,11,12,
Sin3, AML1-ETO, PML, breast®, colorectal, increased apoptosis in colon, breast, and osteosarcoma 95-106
PLZF, BCLG, p53, HL, lung?, liver® cancer cells and increased survival of mice with overt
AR, ER, Rb/E2F1 PML-RARc—mediated APL; HDAC1 KO/HDAC2 KD

induced growth arrest in fibroblasts; KO induced
genomic instability and arrest and reduced survival
of transformed cells in vivo

HDAC2 HDAC1, CoREST, NuRD, Elevated in gastric®, KD induced growth arrest, decreased viability, and 6,7,12,
Sin3, AML1-ETO, prostate®, colorectal®, increased apoptosis in colon and breast cancer cells 96101, 103,
PML, PLZF, Belg HL, CTCL and induced apoptosis and decreased lung cancer in 106-109

vivo; HDAC1 KO/HDAC2 KD induced growth arrest in
fibroblasts; KO induced genomic instability and arrest
and reduced survival of transformed cells in vivo;

KD induced apoptosis and decreased lung cancer in vivo

HDAC3 HDAC4, HDACS, HDACT, Elevated in gastric?, KD in colon cancer cells decreased survival, increased 7,8,12, 25,
NCoR/SMRT, AML1-ETO, breast*8, ALL, colorectal, apoptosis, and relieved transcriptional repression 78,96, 97,
PML, PLZF, PML-RARa., HL; decreased in liver mediated by PML-RAR«a in APL cells 99, 100, 105,
PLZF-RARa, Bcl, 110-113
STAT1, STAT3, GATA1,
GATAZ, NF-«<B

HDACS Elevated in neuroblastoma KD reduced proliferation of lung, colon, 50,71

and cervical cancer cells

Class lla (homologous to Hda1 yeast protein, shuttle between nucleus and cytoplasm, tissue-restricted expression)

HDAC4 HDAC3-NCoR, GATA1 KD in chondrosarcoma cells increased VEGF 76-78,
expression and reduced growth and induced apoptosis 105,114
of colon and glioblastoma tumors in vivo

HDAC5 HDAC3-NCoR, GATA1, Elevated in medulloblastoma; KD decreased medullablastoma cell growth 9,78,

GATAZ decreased in lung and viability 105,115

HDAC7 HDAC3-NCoR, ERa Elevated in ALL; decreased KD induced growth arrest in colon 10, 78,

in lung and breast cancer cells 110, 116
HDAC9 Elevated in ALL, KD of HDAC9/10 inhibited homologous 110, 115,
medullablastoma recombination and increased sensitivity to DNA 17

damage and decreased medullablastoma
cell growth and viability

Class Ilb (homologous to yeast protein Hdal, mostly cytoplasmic location, tissue-restricted expression)

HDACE a-Tubulin, HSP30, Elevated in breast®, CTCL; KD decreased VEGF expression and decreased 10, 16, 83,
HDAC11 decreased in lung cell viability due to accumulation 105,118, 119
of misfolded proteins
HDAC10 KD of HDACS/10 inhibited homologous 117,119

recombination and increased sensitivity to DNA
damage and decreased VEGF expression
Class IV (unknown yeast protein homology, cytoplasmic location, tissue-restricted expression)

Class 11 HDACG Elevated in breast, renal, KD induced apoptosis in colon, prostate, 94,120,
liver breast, and ovarian cancer lines 121

Alndependent prognosis indicator. BAssociated with enhanced prognosis. KD, knockdown; HL, Hodgkin lymphoma; ALL, acute lymphoblastic leukemia.

West AC, Johnstone RW. (2014) J Clin Invest. Jan;124(1):30-9.
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%# 5. Molecular characteristics and clinical trial status of HDAC inhibitors.

Class Compound

Short-chaln Buryrate
farry acid

Valprolc acid [V PA)
AN-9 (prodrug)
Hydroxamare  TrichostatinA (TSA)

Suberoylanilide y droxamic
acld (SAHA, Vorinostar)

FXD101
Crxamiflatin
LACEZ4
LBH58%

m-carboxycinnamic acld bis-
hydroxamide (CEHA)

Scriprald
Pyroxamide

Suberic bishy droxamic acid
[SBHA)

Azelalc bishydroxamic acld
(ABHA)

SK-T041
SK-T068
CG-1521
Tubacin
Benzamide M5-275
CI-994 {rtacedinaline)

Cyclic Depsipeptide

S TrapoxinA
Aplcidin
CHAPs

Electrophilic  Triflucromethylketone
ketone

Miscellaneous Depudecin
MGCD-0103

Jessica E. Bolden et al. (2006) Nat Rev Drug Discov.

[range]
miv
miv
[11)
ni
11"

11"
11"
nM
nM
1)

11"
1]
11"

115]
nM
nM
11"
11"

11"
11"

=222

11"

1)
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HDAC specificity
Class |, lla**
Class |, lla**
MAA

Class |, I
Class |, I
Class |, I
MAA

Class |, I
Class |, [P+
MAA

MAA

(Class I, unknown effect on class [IM®
NSA

M/A

HDACs 1 and 277

HDACs 1 and 277

MAA

Class llb*

HDACS 1, 2.3, & (marginalby)
MAA

Class |*=

Class |, lla**

HDACs 1 and 3, not HDACE™
Class [**®

MAA

Class |, unknown effect on class [
Class 1°%

Clinical trials
Phase .11
Phase .11
Phase 1.1l

M A

Phase |11 11
(pre-reglstration)

Phase |
MY A
Phase |
Phase |
MY A

MY A
Phase |
MY A

MY A

MY A

MY A

MY A

MY A
Phase L.l
Phase |11 1
Phase ||l
MY A

MY A

MY A

M/ A

YA

Phase |
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%4 6. HDAC inhibitors in current clinical trials.

HDACI Highest phase trial Cancer type Best clinical outcome Reference

Panobinostat (LBH-589) 1] GTCL Ongoing; promising in phase Il against CTCL 122-124
(74% tumor reduction), HL (74% tumor reduction and
27% OR), and WM (MR or better in 47% of patients, 50% SD)

Belinostat (PXD101) I Thymoma Significantly enhanced survival 125
Entinostat (MS275) Il Melanoma Some clinical activity, promising PK and PD values 126-128
Mocetinostat (MGCD01030) Il B cell malignancies Disease control (35% rate) in HL 129
Givinostat (ITF2357) Il JAK2VETTF-expressing Pruritus relief (~100%), splenomegaly reduction 130
myeloproliferative neoplasms (75% of PV/ET and 38% of MF patients)
Practinostat (SB939) Il Prostate cancer Limited clinical efficacy to date but promising PK values 131,132
Chidamide (CS055/HBI-8000) I Solid tumors and lymphomas Ongoing; PR was observed in 5/31 patients during phase | 61
Quisinostat (JNJ-26481585) I GCTCL Ongoing; 31.6% reduction in mSWAT score 63
of tumor burden, 1/19 CR, 4/19 PR
Abexinostat (PCI- 24781) I FL Tumor reduction in 86%, ORR of 64% 64
CHR-3996 | Various (mostly solid tumors) Favorable PK and PD values 60
AR-42 | Hematological malignancies Ongoing, minor clinical responses in myeloma 62

and T cell lymphoma

CR, complete response; ET, essential thrombocythemia; FL, follicular lymphoma; MF, myelofibrosis; MR, minimal response; OR, overall response;
ORR, overall response rate; PD, pharmacodynamic; PK, pharmacokinetic; PR, partial respanse; PV, polycythaemia vera; SD, stable disease; WM,
Waldenstrém macroglobulinemia.

West AC, Johnstone RW. (2014) J Clin Invest. Jan;124(1):30-9.
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*t% 7. Direct and indirect influence of HDACs on HIF-1a activity.

Direct/
Indirect
interaction
with Effect of HDAC
Target Protein HDAC HIF-1a Mechanizm inhibition
pVHL and p53 HDACL Indirect Orrerexpression of HDAC] HDAC] inhibition results
reduced pVHL and p53 in re-expression of pWVHL
expression resuling o and p 53 inducing HIF-1 a
increased HIF-1a depradation
ransCTiphon
p300 HDAC? Indirect Proposed HDAC HDAC inhibiton mduces
deacerylation regalates acefylaton of p3 00 cansing
binding of p304) o0 HIF- 1o it disassociztion and
to indce HIF 1o degradation of HIF-1a
transacivaton
Hepd/HspT0 axis HDACS Indirect HDACH regulates HspQd HDACH mhibition results
fimction and its interacdon in lyperacetyladon of
with HIF-1a Hzp), acoummlaton of
immamore HIF- 1o Hsp T
complex snd degradation
of HIF-1a
HIF-1o HDACL Dhmect HDAC] binds the ODDD HDAC] mhibition resulis
of HIF-1a to posttive in the degradstion snd loss
rezulate HIF-1la stabiliny of HIF-1a manscriptional
and Tansactvaion activity
HIF-1o HDACS Dhmect HDACS binds the ODDD HDACS mhibition resulis
of HIF-1a to positive in the degradation and loss
rezulate HIF-1la stabiliny of HIF-1a manscriptional
znd Tansactvaion activity
HIF-1m HDACT Dhrect HDACT co-manslecates to No HDAC inhibition
the maclens o mcrease smidies were perfonned
HIF-1a manscripdonzl
actvity via the formaton of
a HIF-1a/HDACT p300
complex
HIF-1o HDACS Dhrect HDACS associates with Pharmalogical inhibidon
HIF-la to incresse its and shFIMA against
siability and Tanscriptional HDACH resulted in
actvity decreased HIF-1a
expression Tanscriptonsl
activity and protessomal
depradation independent of
pVHL
HIF-1o HDACS Dhrect HDACS associates with Pharmalogical inhibidon
HIF-1a to increase ifs and shPA against
siability and Tanscrptonal HDACS resulted in
actvity decreased HIF-1a
expression Tanscriptonsl
activity and protessomal
depradation independent of
pVHL

Ellis L, Hammers H, Pili R. (2009) Cancer Lett. Aug 8;280(2):145-53.
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%t# 8. Pro- and anti-angiogenic genes altered by HDACI in both cancer and

endothelial cells.

Effect on gene transeription by HDAC

Cene Target Cell Activity on angiogensis inhibition
p33 Cancer inhibats Up-regulation
pVHL Cancer induces Up-regulation
HIF-la Cancer induces Deown-regulation
VEGF Cancer induces Down-regulation
Actrvin A Cancer inhabits Up-regulation
bFGF Cancer induces Down-regulation
Thrombospondin 1 Cancer inhibats Up-regulation
MMP-2 Cancer induces Up-regulation
MMP-9 Cancer induces Up-regulation
RECK Cancer inhabits Up-regulation
FLT1 Cancer induces Down-regulation
FLE1l Cancer induces Down-regulation
MNeurofibromin? Cancer inhibats Up-regulation
Ansgl Cancer induces Down-regulation
VEGF receptor 1 Endothelial induces Down-regulation
VEGF receptor 2 Endothelial induces Down-regulation
Neuropilin-1 Endothelial induces Down-regulation
Semaphoning ITT Endothelial inhabits Up-regulation
Tie2 Endothelial nduces Down-regulation
Ang? Endothelial induces Down-regulation
eN05 Endothelial induces Down-regulation
VEGFD Endothelial induces Down-regulation
Clustenn Endothelial inhabits Up-regulation
Fibnilhnl Endothelial inhabits Up-regulation
Quiescin Q6 Endothelial inhabits Up-regulation

Ellis L, Hammers H, Pili R. (2009) Cancer Lett. Aug 8;280(2):145-53.
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4@ 1. Multiple origins of tumor-induced neovascularization.

The combination of stimulatory signals within the tumor microenvironment prompts
changes in multiple cell types. Perivascular cells detach from the mature blood vessels,
compromising their integrity, permitting their remodeling and promoting an activated
phenotype. Once the vascular barrier is disrupted, multiple cell types are exposed to
angiogenic and inflammatory stimuli to escalate the response. Platelets are recruited to
sites of exposed basement membrane, where they become activated and release their
stores of stimulatory factors into the tumor microenvironment. Endothelial progenitor
cells (EPCs) and myeloid cells from the bone marrow move to the perceived wound,
where they release even more soluble factors locally. Cancer stem cells can differentiate
to become bona fide endothelial cells, or tumor cells can physically participate in the
formation of new vessels through vascular mimicry. However, the escalation of this
response does not lead to the production of mature and proper blood vessels that
improve the initial hypoxic situation because the tumor microenvironment is
characterized by pockets of hypoxia amid the leaky and tortuous blood vessels. This
environment also makes the tumor cells more invasive, allowing them to intravasate
into the vasculature or lymphatics for metastasis to distant tissues. Effective strategies
for cancer therapy must consider targets on multiple cell types and address issues of
poor drug delivery in the leaky and poorly perfused tumor microenvironment.

Sara M Weis et al. (2011) Nature Medicine. Nov 7;17(11):1359-70.
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Multiple targets in angiogenesis
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Source: The Anglogenesis Foundation.

*+ @ 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:

1. 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).

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

3. 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.

4. 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.

5. 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).
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6. In sprout formation, a tip cell is selected (selection influenced by Neuropilin,
VEGF/VEGFR and NOTCH / DLL4 and JAGGED1 signaling) which releases matrix
metalloproteases (MT1-MMP) to degrade the basement membrane and remodel the
extracellular matrix.

7. 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.

8. 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.

9. 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)

10. 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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4 B 3. VEGF receptor-binding properties and signalling complexes.

a | Mammalian vascular endothelial growth factors (VEGFs) bind to the three VEGF
receptor (VEGFR) tyrosine kinases, leading to the formation of VEGFR homodimers
and heterodimers. Proteolytic processing of VEGFC and D allows for binding to
VEGFR2.

b | VEGFR signalling is modulated by different co-receptors. VEGFs as well as
VEGFRs bind to co-receptors such as heparan sulphate proteoglycans (HSPGs) and
neuropilins. These interactions can influence VEGFR-mediated responses, for example,
affecting the half-life of the receptor complex.

¢ | Mechanosensory complex formation. Blood flow might activate VEGFRs in a
ligand-independent manner, by the formation of mechanosensory complexes that consist
of platelet-endothelial-cell adhesion molecule-1 (PECAML1), vascular endothelial (VE)—
cadherin, VEGFRs and integrins. PLGF, placenta growth factor

Olsson AK et al. (2006) Nat Rev Mol Cell Biol. May;7(5):359-71.
34



VEGF-C VEGF-D VEGF-E VEGEA VEGF-B
\ / 1210 PIGF VEGF-A,qs,

VEGF-Ay s, ~ & VEGF-Auy,

VEGRAye 5 VEGF-A g0,

i VEGFR1

\"'n)'»)\‘)\‘)\ \.\\\)""

Juxta-membrane

VEGFR2
1933553933359 5998 59

29PN NERRRTEITETES S S §§ ¢

/ (D yos1 @

)

Kinase domain 1

Kinase insert

i / Kinase domain 2
el ration
Vasculfr Permeability f Y1175 ¢ (D Y1169
°I/ o (D v1214 / C-terminus
‘l/ p38
‘@ oD l <
l y
@ IR
v * Vascular permeability
__Vascular Permeability @ * Monocyte migration
%’;"'{’_""’" . L £ * Haematopoiesis
I Actin Remodelling I I Cell Migration I * Recruitment of HPCs
from bone marrow
vl 2 B K i * Regulation of EC during
| VASCULOGENESIS/ANGIOGENESIS | development

*+ B 4. VEGFR1 and VEGFR2 and their associated ligands.

Black boxes on the receptors indicate important tyrosine residues. Yellow boxes show
tyrosine residues 1054 and 1059 which are important for kinase activity.

c-Akt, protein kinase B ; EC, endothelial cell ; eNOS, endothelial nitric oxide synthase;
ERK1/2, extracellular signal-regulated kinase 1/2 ; FAK, focal adhesion kinase ; HPC,
hematopoietic progenitor cells ; HSP27, heat shock protein-27 ; MAPK,
mitogen-activated protein kinase ; MEK, MAPK and ERK kinase ; PI3K,
phosphatidylinositol 3-kinase ; PKC, protein kinase C; PLCy1, phospholipase Cy1 ; PIGF,
placental growth factor ; Shb, SH2 domain-containing adaptor protein b ; TSAd, T-cell-
specific adaptor, VEGF, vascular endothelial growth factor ; VEGFR, vascular

endothelial growth factor receptor tyrosine kinase.

Fearnley GW et al. (2013) OA Biochemistry. Feb 01;1(1):5.
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*4 B 5. Schematic diagram of the three mammalian mitogen-activated protein
kinase (MAPK) signalling pathways.

Extracellular stimuli activate the MAPK pathways through mechanisms mediated by
GTPases, including RAS, RAC, CDC42 (cell-division cycle 42) and RHO (RAS
homologue). Once MAPKKKs (MAPK kinase kinases), such as RAF, MEKK
(MAPK/ERK kinase kinase) and TAK (TGFp-activated kinase), are activated, they
phosphorylate MAPKKs (MAPK kinases) on two serine residues. MAPKKS in turn
phosphorylate the MAPKs ERK (extracellular-signal-regulated kinase), JNK (JUN
N-terminal kinase) and p38 on both threonine and tyrosine residues, which results in the
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catalytic activation of these MAPKSs. Activated MAPKSs can translocate to the nucleus to
phosphorylate a number of transcription factors, such as ternary complex factor (TCF)
family members and components in the activator protein 1 (AP1) complexes, including
JUN and activating transcription factor 2 (ATF2), thereby altering gene transcription.
TCF forms a complex with serum response factor (SRF) to regulate Fos induction. AP1
is involved in the transcription of a wide variety of genes. Growth factors preferentially
activate the ERK pathway, whereas stress and inflammatory cytokines preferentially

activate the JNK and p38 pathways.

Liu Y, Shepherd EG, Nelin LD. (2007) Nat Rev Immunol. Mar;7(3):202-12.
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*t @ 6. The PIBK/AKT/mTOR pathway

Molecular targets for anticancer therapy and most common locations for

gain-of-function aberrations or loss-of function aberrations.

Polivka J Jr, Janku F. (2014) Pharmacol Ther. May;142(2):164-75.
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4B 7. The structure and binding sites of neuropilins.

Neuropilins (NRPs) have two complement-binding homology domains (al and a2), two
coagulation factor V and VII homology domains (b1 and b2) and a meprin domain (c) in
their extracellular regions. Cumulative findings indicate that a and b domains are crucial
for ligand binding, including binding to semaphorin 3A (SEMA3A) and vascular
endothelial growth factor splice variant VEGF165. Of note, several studies have shown
that the b1l domain mediates the high-affinity binding of NRPs to the basic domain of
class 3 semaphorins and to VEGFA108-111, such that VEGFA and class 3 semaphorins
can compete for their binding to the bl domain of NRPs111-114. In addition, it has
been suggested that the b1 domain of NRP1 binds with high affinity to the basic domain
of SEMAS3A, whereas the al domain of NRP1 helps the Sema domain of SEMA3A to
coordinate with the Sema domain of class A plexins and probably to activate the
signalling of class A plexins114-116. SEA represent the last amino acid residues (Ser,
Glu and Ala) of the cytoplasmic domain, which provide binding to the PDZ (PSD95,
DLGA and ZO1 homology) domain-containing protein GIPC1 (also known as

synectin).

Atsushi Kumanogoh et al. (2013) Nature Reviews Immunology. Nov;13(11):802-14.
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“+ B 8. VEGF signaling in angiogenic ECs. VEGFR1 (FItl) and VEGFR2
(FIk1/KDR) represent the 2 major VEGFRs on angiogenic ECs.

VEGF121 binds to VEGFR1 and VEGFR2, whereas VEGF165 and VEGF188 also bind
to the coreceptor neuropilin-1. Signaling downstream of VEGFR2 is complex, and only
selected pathways are shown. VEGF drives EC migration, proliferation, and

morphogenesis and gene expression. See the text for details.

Holderfield MT, Hughes CC (2008) Circ Res. Mar 28;102(6):637-52.
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*+ B8 9. Chromatin organization and the histone H3 amino-terminal tail.

The nucleosome particles that make up chromatin are depicted as yellow cylinders. The
DNA is depicted as black strands and the amino-terminal histone tails are shown as red
squiggles. Higher-order chromatin characteristic of condensed chromatin or
heterochromatin is to the right of the chromatin schematic. Below and to the right is the
high-resolution structure of the nucleosome core particle117 in which the DNA double
helix is in blue and the histone H3 dimer is in red, H4 is in green, H2A is in aqua and
H2B is in purple. Shown below and to the left is the histone H3 tail region from yeast
with the modifications that are known to regulate gene activity. Acetylation is
represented by (A), phosphorylation is represented by (P) and methylation is
represented by (M). Modifications that promote transcriptional activation are shown
above the sequence and modifications that induce transcriptional silencing or

chromosome condensation are shown below the sequence.

Ronen Marmorstein (2001) Nature Reviews Molecular Cell Biology. Jun;2(6):422-32.
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*+® 10. DNA methylation and histone acetylation are two critical epigenetic
mechanisms controlling chromatin structure and function in postmitotic
mammalian neurons.

Hypermethylated DNA recruits silencing transcription chromatin remodeling complexes
with histone deacetylases (HDACs) and promotes chromatin condensation.
Hypomethylated DNA unfolds into a 'beads-on-a-string' structure in which histones are
accessible for chromatin remodeling factors such as CREB-binding protein histone
acetyltransferase (CBP HAT), the transcriptional coactivator implicated in epigenetic

mechanisms controlling memory consolidation. Ac, acetyl group; Me, methyl group.

Edward Korzus (2010) Nature Neuroscience. Apr;13(4):405-6.
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“+® 11. The role of histone deacetylase (HDAC) in repressing transcription.
Histone acetyl transferases (HAT) act to help activate transcription.

HDAC inhibitors target gene expression without modifying DNA sequence. They
reverse histone deacetylation, which binds DNA tightly to histones and prevents the
transcription and expression of tumor suppressor genes (among others). But freeing
‘anticancer’ DNA “is clearly not the whole picture,” says MacLeod. Generation of
reactive oxygen molecules, proteins involved in programmed cell death and cell cycle
inhibitors may also contribute to the anticancer effect. HDACSs also deacetylate other
proteins besides histones, including p53, which is involved with suppressing tumor

growth.

Muratani M, Tansey WP. (2003) Nat Rev Mol Cell Biol. Mar;4(3):192-201.

43



Subcellular

£ Catalytic domain Cofactor
localization
HDAC1 Nucleus —8 —
HDAC2 Nucleus e I
Zn?

Class |
HDAC3 Nucleus>Cytosol 1
HDAC8 Nucleus>Cytosol —

B HDAC4 Nucleus, Cytosol —_—  —
HDAC5 Nucleus, Cytosol i
E]
e I e b I —
Mitochondria Zn2*
Class Il =
HDAC9 Nucleus, Cytosol —_—— R —
HDAC6 Cytosol>Nucleus — 1 —
b
HDAC10 Cytosol>Nucleus A —

Class Il Sirtuins Nuc.leus, Cyto.sol, — e NAD*
Mitochondria
Class IV HDAC11 Nucleus — R — Zn?*

TRENDS in Immunology

4 B 12. Histone deacetylase (HDAC) classification.
Isoforms of HDACs are divided into four classes based on the sequence similarity of
their catalytic domain to yeast homologs. The distribution of the conserved catalytic

domain and dominant region of subcellular localization are indicated.

Alenghat T, Artis D. (2014) Trends Immunol. Nov;35(11):518-25.
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7+ 13. Different pathways affected by histone deacetylase (HDAC) inhibitors.

Khan O, La Thangue NB. (2012) Immunol Cell Biol. Jan;90(1):85-94.
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4 B 14. CDK-dependent functions of cyclin D.

The activation of cyclin D—cyclin-dependent kinase 4 (CDK4) or CDKG6 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/CDK®6 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).

Elizabeth A. Musgrove et al. (2011) Nature Reviews Cancer. Jul 7;11(8):558-72.
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Nature Reviews | Neuroscience

*+B 15. Basics of the cell cycle.

Cell-cycle progression is controlled by cyclins and their CDKSs. In G1, cyclin D initiates
Rb complex phosphorylation, which derepresses E2F to induce cyclin E transcription.
Components of this complex as well as p21 and p27 oppose these effects and can result
in cell-cycle exit to Go. After DNA replication in S phase, different quality controls
ensure the integrity of the DNA, while a cyclin B/CDK1 complex orchestrates
progression into mitosis. Chromosome abnormalities and DNA damage are reported to
this complex via different pathways to delay or stop cell division. Canonical Wnt
signalling can regulate the cell cycle at the indicated levels, further described in the text.

Karl Herrup & Yan Yang (2007) Nature Reviews Neuroscience. May;8(5):368-78.
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R A
B & A

- ~EhH

MPTOE028 % - i N-hydroxamic acid 2 #72 = » pt it £ d S %3%‘? =
BRI P T Hgeart A B oA F& T 0 % MPTOE028 2 # % i3> dimethyl
sulfoxide (DMSQ) # % *+-20°C 4 i %33 - SAHA (Vorinostat ) 1% 5 & F Sk 2 ¥t P8
w8l o FE A FRR T Fgerdt 0 SAHA d %0320 DMSO v 1 30-207C 8 i
e
S N BRE R AR

AgpsE ek o B w2 (human umbilical vein endothelial cells; HUVECS) P p
MEEA 81 8 BEFT % (BCRC) 2 2 HFTREF R AL P & o 2% i o
* 2_ fetal bovine serum (FBS) - trypsin-EDTA ~ M199 2 % ;% ~ glutamine (100X) ~
pyruvate (100X) ptp GIBOCO-BRL life Technologies (Grand Island, NY, USA) -
Penicillin-streptomycin-amphotericin B solution (} z 10,000 units/mL penicillin ~ 10
mg/mL streptomycin ~ 25 mg/mL amphotericin B) pp Biological Industries (Kibbutz
Beit Haemek, Israel) - HEPES pi-p Calbiochem (San Diego, CA) - Endothelial cell
growth supplements(ECGs) B p Upstate Biotechnology Inc. (Lake Placid, NY, USA) -

NaHCOgz Bt A fosk &5 21 # k50 ¢ 4 o

=~ R ERPR
Endothelial cell basal medium (EBM) 1z %2 endothelial growth factors (EGM-2)

FEp  Clonetics (BioWhittaker, Walkersville, MD) - FITC-conjugated anti-mouse 1gG -
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propidium iodide (PI) ~ 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) ~ FITC-conjugated anti-rabbit IgG -~ ¥ Drabkin’s reagent kit PB& g
Sigma-Aldrich Chemical Co. (St Louis, MO, USA) - Matrigel TM basement membrane
matrix p&£p BD Biosciences (San Jose, CA, USA) - BrdU labeling and detection
enzyme-linked immunosorbent assay (ELISA) kit F£ p Amersham Biosciences
(Piscataway, NJ, USA) - Fluorometric HDAC activity assay kit ptp BioVision
(Mountain View, CA, USA) - TRIzol :##&|pp Invitrogen (Carlsbad, CA) - random
primer »2 2 M-MLV RT &5 Promega (Madison, WI) - pEGFP-N1-hNRP1m p-p 2
= %5 By - X574 %5 T e o NRPL 22 GAPDH primers pp Purigo Biotech

Inc (Taipei, Taiwan) - Protein A/G Plus agarose pip (Santa Cruz, CA, USA) -

e R ERE G 2 - &puUA8iRb pp BD Biosciences (San Jose, CA, USA) -
Cyclin D pp Calbiochem (San Diego, CA) - Phospho-FAK (Tyr397) ~ 3-actin~HDACS
Ftp Millipore (Bedford, MA, USA) - CDK2 ~ CDK4 ~ cyclin A~ p21 ~ p27 ~ cyclin B1 ~
cdc25A ~ HDACG ~ spl pp Santa Cruz Biotechnology (Santa Cruz, CA, USA) -
acetyl-histone 3 (Lys 9) -~ acetyl-a-tubulin (Lys40) -~ acetyl-lysine ~ phospho-Rb
(Ser807/811) ~HDAC1~HDAC2~HDAC3~HDAC4~HDACT ~ FAK ~ Akt ~ phospho-Akt
(Ser4a73) ~ phospho-mTOR (Ser2448) ~ mTOR (Ser2448) ~ phospho-p44/42 MAP kinase
(Thr202/Tyr204) ~ p44/42 MAP kinase (Thr202/Tyr 204) ~ phospho-p38 MAP kinase
(Thr180/Tyr182) ~ p38 MAP kinase ~ phospho-Src (Tyr416) ~ Src ~ phospho-VEGFR2
(Tyr1175) ~ VEGFR2 pi-p Cell Signaling Technologies (Beverly, MA, USA) - NRP1

Ftp Novus Biologics (Littleton, CO, USA) -

a2 R L R 2. - g8 @ goat anti-mouse IgG-HRP -~ goat anti-rabbit
IgG-HRP conjugate F#p Santa Cruz Biotechnology (Santa Cruz, CA, USA) -
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T~ RERE
R EARTABFF R BRSO N Rl BALB/C Ak BB
ARFR &E Y o DX SRS FE Y RS Y o (Laboratory

Animal Center, College of Medicine, National Taiwan University) -
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R
SR T S
g ATIE Y E_ A R N A fwre (human umbilical vein endothelial
cells; HUVECs) > p BCRC A2 Fh k3 2 A7 ¢ S r o Bimizys & LI AL *
collagen coating 775 cm® 3 % ¥ ¢ >4 » 5 3 20 % FBS~ECGs~10 mL glutamine ~
10 mL pyruvate ~ 1 mL heparin »2 2 10 mL #2 % (100 U/mL penicillin ~ 100 pg/mL
streptomycin ~ 0.25 pg/mL amphotericin) 7 M199 2 % % » 15 33t 37°C ~5 % CO,/95
Yoair s % 4 ¢ oF wie R A A K I 94 AP 1% 0.05 % trypsin/0.02 % EDTA
Bfmie 2T 5 00 1:3 3 14 isujﬁ,—ﬁi’gnﬁ B AN meHcp SR
A vyg & 4P (6 cm-dish ~ 6 well & 96 well)i {7 18 e S o e gz e o
B4 EpEE s £ 3 (growth factor) - ¢ 4% VEGF - bFGF ~ rhEGF -
A CIGF-1 25 > H3 e FATA IR E & U o (I} L e g S H o E
Lk g4 PRI o Tl ek FATAARM T R 0 Y EBM-2 & EGM-2
medium mixture (7.5 mL EBM-2 + 225 uL EGM-2) » » ik "difg 4 £ PR & fmbe o

Iy

~ B AR e 4 R % (crystal violet assay)

#-5  well #6847 5,000 %f & 96-well fmPe 3z X4 ¢ > 3 r wies H a7 > &
i % PR 1S 0 24hr {2 iR 0 4o » DMSO 2 iRl #4 ch EGM-2 12 & %
T A o AGL TR & F P T2 L pEES 0 #5043 &% & B well 4~ 50 uL
BREAM FETHE L0 B ATAS BTN FRBG IR
A H > F R §gis 0 4o 100 pul 0.1M sodium citrate solution ;3 f& % & % > 114 Sk

% & 3+ (spectrophotometer) # OD s50 3% B~i3 iR 2. ¥% & (@
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= ~DNA & = e 2

F1* BrdU incorporation assay *ip| % DNA & = o 5-jf » 2-5 ¥ JR vifjed % H
(5-bromo 2 deoxyuridine, BrdU)- 3 %3 Hyj’{vﬁ'?vi; (thymidine) #g i > % DNA & = pF »
BrdU ¥ & & _Rlst4s & 3] DNA ¢ » £ 4% #5 8 448 (anti-BrdU antibody) 3%z
MR dn e 3 A4 enlEA; o - HUVECS 1 5 x 102 cells/well &m 7z %R A8 & 96 well
R R o e R e F 241 e = 2RO i ik ¥+ EBM-2
BERERIL 24 [ PF e 2 18 HREHE LS EGM-2 B &% > F % 20| P4 »
FRIE D g 48 ] PF o o B dmie w18 ] PE4e ~ BrdU (10 uM) - s 1% BrdU

labeling and detection Kit ;2] T DNA & & & » ;Fizmfe B 2 hH R -

% d TR (MTT) epl 2

e A M Rl LAl MTT G fmee ¢ § 4k fe s AR chps 2

N

?{r

dehydrogenase i*#* » @ # 4 % ¢ e formazan A& cnF {4 kip| Tiwme 35 F 0 §_4
P& Monsmann % % o MTT 1 g);# (Mosmann, 1983) - ‘m?2 A2 £ 53¢ £ 1 4 & /&
BE > 12 0.05% trypsin/0.02% EDTA fc & i ¥ gt > #-c b chawmre 12 2 B 1x 10°
cellsiwell #-im¥e 8 & 96-well cRmPe 2 45 P > % r e B R EE P » Flwe = >
PEFG S 40 » Bl B b EJE 24 | PRS0 scde 5 100mL 7§ 10% MTT solution (0.5
mg/mL) = culture medium » ** 37 Cenimie 2 £ E R 457 T% 4 [ pF > & MTT
MF S fmre v ﬁ’:i}&’ﬁﬂﬁﬁ?% T o g b ik is o 1 DMSO #-fmbe 37 pLI% i3 4% 4

srformazan & 8% 0 Y F R T IEF 10 4 48 0 EF @ * enzyme-linked immunosorbent
assay (ELISA reader) if B~ ODssp v sk B e ib > Bfs 38 140 2 wAp 4304 e

imve AT A R drd] B0%.m e A S g hE R kR T 5 1Cs ¢

Z ~ Fluorometric HDAC activity assay kit
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1 * flurometric HDAC activity assay Kit & :=f &P 2 5 Fra] A 529520 p gL
wn%z ¢ HDAC activity cit 4 o % & #-4 55984 9% N 4w 8 & 6 cm-dish (6 x 10°
cells/dish) » (& Fip| & i@ 24 hr s > 7o FEP2 2 BT ARG 2R
WL RBEWE R A~ 96 3L 245 ¢ o (Blank & 1 4e » 85 pl ddH,0 ;4
4o » 50 pg 2w v F B a4~ 85 ul ddH,00 i 1 Ak R i 7] 85 L) o
#F o413 FRlwell> ¢ 45 Blank 12 2 4c 2 o> 354 » 10 uL HDAC assay buffer (10x) -
1 2 5 pL HDAC fluorometric substrate » % % #-96 3¢ 2 4 2c ¥ » 37 CIE B &
HF B30 A dgo i FE- 01963 24 L & B well & %] 4 ~ 10 mL lysine developer >
IR EN VCERSREHRF B 30 4 o & 155 22 fluorimeter
(EX/Em=350-380/440-460 nm) i& {7 & & & 47 > & |Fr4] 50% HDAC #7 7 ch& )k

Bz & ICso °

= ~ dwP2 5 7% (Boyden chamber migration assay)

% - % A #-8-um LT~ o] ez i@ * 0.5 % gelatin coating % & 24 ] pF s
¥ = % f chamber ™ & 4r » 110 uL EGM-2 > £ 2z} jg% > 7 ic § 4 ¢ - Boyden
chamber % & 47 {4 » # HUVEC 2 % &+ EBM-2 & *} ¢ 7 | (Fp| &+ )k B 2. EBM-2
A&R? (kR 10°cells/ mL)> & i chamber + A& 4c » 100 uL e ) %2 i >
TN dmie A o B AST 6 P 0 B LT AR % 0 BeREE 115
» 4%° g (formaldehyde) ¥ #1220 4~ 48 x 0 -tk sk A i R K i
¢ > L 3% membrane 2z » & 8 % (crystal violet) ¥ #-T g e 44 10 445 0 B (S
1% PBS 'k S AR % A8 - FipiER 2 b §r2 18 0 mRpMEL T e 0 T Y
0.1 M sodium citrate solution % &5 & % > B 1 12 4 %k & 3+ (Spectrophotometer)

% ODsso 3l o i 2ok @I E ( fmie f5 4550 4 o
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~fFe B 135 38% (Tube formation assay)

BBk — % > Jf#-matrigel £-20°C k4845 3 A C ka4 &Ko M HIF FHEiT o F
matrigel 4 3214 5 £_%-20°C PF 5 FRE% > 0-4CPF 5 R Kk - >4 C PR § 3=
Rk o %% - % > L -matrigel 4c » 96-well 2. fw% 32 % 43 (50 uL/well) > H &
ARBAR ARG Fe AL T RIETHEL well P > 2 (S rmep g e 0 237
CTHBET 30443 1 FFLHY - HF ¥ HUVECS iR £ EGM-2 & #t 4c % |
FERESER 2 EGM-232 4% ¢ > 2 (s #m% (5 x 10* cellsiwell)> 4 » © & coated
matrigel 2. 96 34 % ¢ » 33 37T Cm e £ 47 B % 6-24 | FF > & AT RE
# matrigel p 42 & iR B {8 2 Image-pro plus #i BRI E 5 B A BARTE T (F

e S :"L‘J & ‘3‘) ?%Im{&‘;u‘fr’j\ﬂlL;g%j_qi":'\;ﬁjfi&o

A~ RN e Rl ¥ m e 3 8 (Flow cytometric analysis)

#-'m e 48 % 6 cm-dish (6 x 10° cells/dish) » S & 4 Fplk B 2 7 fo P A AL -
#-fmre * trypsin jc g T ok o 74 » 70% viv ethanol @ fmre g fs £ A B 30-20C o
2030 gt o F Pt XA PP e E R T 4o~ 0.1mL
DNA % 2% (0.2 M Na;HPO4- 0.1 M citric acid buffer, pH 7.8) » & =%z pellet -
s o £ 4e~ 1 mL DNA %4 ¢ % - propidium iodide staining buffer (0.1% Triton
X-100 ~ 100 png/mL RNase A ~ 80 pug/mL propidium iodide (PI) in PBS) » *t 3k T 4
d 30 30 248 ¥ -lwmre g ts B3N e ik > 11 CellQuest program  (Becton

Dickinson) 14 2 FACScan ~ 47 % ¥ #p ©

1 ~ 8 * &2 (Western blot)

ARHRZET UL GEHI G FEE - Fd FAE B PR B
THer 2 (R 3y -
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A 3% FEB

e G # AR i i iw e 3 eppendorf tube p o ] & lysis buffer mix : 78 & 950
mL lysis buffer (2 7z 20 mM Tris-HCI buffer ~ 150 mM NACI ~ 1 mM EDTA ~ 1%
Triton X-100 ~ 2.5 mM sodium pyrophosphate) 2 %2 2T protease inhibitor 10 pg/mL
leupeptin ~10 uL 5 mM NaF ~ 10 pL ImM NazVO,~ 10 pg/mL aprotinin ~1mM PMSF -
i eppendorf jb 4e » 3§ % lysis buffer mix » > &R TE 39 FE (7 4 » 16 well-30
uL > 6 cm-dish-60 pL) » #4k &5 37kt 30 £ 48 0 & 7 33030-80Crka - B

o #& ¥ - eppendorf tube *+ 4°C i 13,000 rpm g 30 ~ 48 > Bt FiRiE T R

AR H L -

B. ¢ F2i

41+ BCA™ protein assay kit (solution A:solution B =50:1)» i& 7 39 2 &
% 96 well » = B well 4 » 200 pL = solution A+B mixtrue - 41 * 2 mg/mL BSA #
IR Fip] > e Fee PR P)E B owell e x 2 ul o 3 37°CIEER a5 & 30
Adis o gtk 550 nmoplEeR sk E o % BSA B iR o B > me R
B OEBRER o L4 lysisbuffer T4 &P > R E R - PHESERSL 25 pg/ul
FAe » 1/4 388 4% <05 B sample buffer (0.156 M Tris~1% SDS~25% glycerol~ 12.5%
pB-mercaptoethanol ~ 0.2% bromophenol blue) » 4 105°C 4¢ #plik 30 F fandg 10 »

0 WE B B0 LR S 20mg/mL o 48 5k g 4020 % o

C. v ¥ T #* (SDS-PAGE)

RIZLAI TREESRD S %Gy FTRRI AT ELBEERT PR A4
FAREY T ERB LG AR PIRFAB AL T ELRIB R > BFRE
sodium dodecyl sulfate-polyacrylamide gel (SDS-PAGE) - 5 £ ™ #3384 (running
gel) » 13~ 47eh3-d A+ e 7-13% running gel @ %#cA% i< T R F LR
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XSG RFG F D %RARF R F LT RS T B s T R MR} e
T W 4e ~ g3y % K 18 0 14 isopropranol BT T O A G 32 ﬂért F 8 o BT R
fe® + % (stackinggel) > F ek R S HlEe 15 4 4E1s 0 BT OREFLE 0 # ",f
isopropranol » 4e > F ¥ 5 B 2o & AR (comb) RS o FEFEG 15 44T
FORGETE o RIS R T A 0 TR A P b A w4 5850 % (running buffer
(1x) : 3 g Tris-Base ~ 1 g SDS ~ 14.4 g glycine ~ 1 L ddH,0) - p #} running buffer 7
TR o JF > MR & Z R A+ E4557 & (protein molecular weight marker) -
KEI+&Fer FEH - BFR LB AT RIORE (V) 8917 24
& F 4 &8 stacking gel 5 I running gel » k& adF - kT > AUy 7R 140 K
F(V) EERSBITHANE M T 2 W Fe B9 2 kA stacking

gel ©2 2 running gel #77% 2. fie > o

Running gel (4 pieces) 7% 8% 9% 10% 11% 12% 13%
ddH,0 (mL) 15 14 13 12 11 10 9
30% acrylamide (mL) 7 8 9 10 11 12 13

1.5 M Tris-HCI pH 8.8 (mL) 7.5 7.5 7.5 7.5 7.5 7.5 7.5

10% SDS (pL) 300 300 300 300 300 300 300
10% AP (pL) 300 300 300 300 300 300 300
TEMED (pL) 30 30 30 30 30 30 30
Stacking gel (4 pieces) 5%

ddH,0 (mL) 8

30% acrylamide (mL) 2

1.5 M Tris-HCI pH 6.8 (mL) 2

10% SDS (pL) 120
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10% AP (uL) 120

TEMED (uL) 20

D. #9 FHRE &R
B £ L % polyvinylidende difluoride (PVDF) membrane i ® % @ %k i& i
membrane - ¥ ¥ % transfer buffer p > 2c »~ g B & {45 £ % B2~ 3 4 ~ 3M paper ~
PVDF membrane ~ & # % & ~ 3M paper ~ 4 3 » & 32 F #1054 b B & (5
ey > 1 FH 400 mA & 4C2 T v FHE e 120-150 4 48 (AR B -
9O R k) FHEE R % PVDF B0z 5% 2 nd (59 %y
24723 100 ML PBS) > ** 2 T4 % 30 4481 1) FF o B0 R0 B FRg ahzt
- ML ¥ TBST (20 mM Tris pH 7.4 » 150 mM sodium orthovanadate 2 %
0.05% Tween 20) 7% PVDF = 1 = = » & =t 10 4 & ji7& PVDF & § ch2 4 o
%7 4 PVDF membrane } x4~ {7 ehdku A+ EHBEE > 7% 3 4% BSA
BRiE R iR e iR 3 4 CA S RB T & overnight T FE P o FE X -
BB v e PR * TBST k- iz 2wk > #1004 - 2 F L
dvor i § 0= 488 (anti-mouse or anti-rabbit immunoglobulin (1gG) -HRP) » £ %
PR BN e LU TBST BiRrRz 2 &> F X 10 448 0 &

t5 4 » ECL™ (enhanced chemiluminscence)z# 4 ¢ » 12 X & i jpl4F 2 30 7 o

-+ RNA extraction

Helm e LB B R (8 0 B F R "f » ¥ 2 TRIZOL #4241 » & 1mL 0
TRIZOL 4: » 0.2 mL chloroform ;& £ 353 {54 % 7kt 10 A 48 > & 2 4C 3 i@
13,000 rpm 15 4 48 o P~dig b B 5 B et ik 0 £ 4~ 0.5 mL isopropanol £+ 5
R ESS USRI kY 15446 0 £ 1 ACHs g 13,000 rpm - 15 4 45 - & %

ik o A% pellet 9 5 RNA 12 2 @ 4F - (% isopropanol 34 {5 > 4x » 0.5 mL 75%iF
57



W H BT o £ 0 AC A i 13,000 1pm > 5 4 48 o SR L iR B 2

4L 18 1 DEPC-HO % f# » T4 1 2 & o

-+ — ~ Quantitative reverse transcription-polymerase chain reaction

(QRT-PCR)

% 4 43~ 5 g total RNA 4 » DEPC-H,0 i &84 % 154 pul» 3% e » 0.6 uL
random primer (500 ng/uL) 7 65°C ™ 4c#t 5 4 4 BLifk RNA = s 245 I #-random
primer 2% & T mRNA } o3 ¥t ¥ %8 20 4 45> £ 4c » 5 puL 5x First strand buffer ~
1 uL RNase inhibitor (40 U/uL) ~ 2 uL 10mM deoxynucleoside triphosphates  (dNTPs)
% 1 ul M-MLV Reverse Transcriptase (200U/uL) » 2 37C T F &1 | P » &%
90°C+4c#t 5 ~ 4575 » I & = = first strand complementary DNA (cDNA) - 3% » B~ 2
ug cDNA #4c » 10X SYBR green PCR master mix (Applied Biosystems) » 12 % & p|2_
5°~3’-primer 1.5 mM & 4ul- & ¥ & % 8844 5 20 ub> * ¢ * mastermix (Tagman One
Step RT-PCR ; ABI) i& {7 quantitative PCR reaction (X Z_ cycle # 5 40 ; ¥ =_
comparative CT(AACT)) - # * NRP1 &3 primer 5 7] 3
5’-AAATGCGAATGGCTGATTCAG-3’(forward) 4 5

5’-CTCCATCGAAGACTTCCACGTAGT-3’ (reverse) - GAPDH 5 p 24 34l o

+ = ~ w4 (Transient overexpression)
e gk 4 8 4% lipofectamine 2000 i {7 > # 177 N R RGP F i R
o RIEF R E AH#-60 i HUVECs &~ 6 em-dish ® » #E R & - X Flo
e BRI P R P S AV (T L &) > % plasmid cDNA (10 ug) - Lipofectamine ™
2000 (12 pL) » % A 3 *> OPTI-MEM (Invitrogen) (100 uL) » # % >* %8 15 » 4 -

J#-3 RR & vortex (8 #F B 2 2 F 40 448 o -6 cm-dish fwmPe 33 %i.’%&"%ﬁ )y T
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* PBS i g hhmie g &% 0 £ B %4 » OPTI-MEM (850 uL) 12 % plasmid
cDNA 2 Lipofectamine ™ 2000 2_ ;8 £ ;¢ (200 L) > & 7Hm F &2 % i s
6 -] FFiS R re-serum o H-dE 5E R “$ s Fder Rk AR Y O E R o 8
B ame A RPEE R RRRR S AEE L G

PEGFP-NI-hNRPImM pj 2+ FH S - 22 FFR < -

L=~ LBk A $7# (Immunoprecipitation)

FoB TR A 1TE B R R FALG LR 0 T M 2 BT E R
BLOPFHREFFAT o § ARG SE S AT control w1 i K E
MPTOE028 1 uM g2 24 | prenfem] » @& * Trypsin Jc & w2 12 % lysis buffer (20
mM Tris-HCI pH 7.5, 150 mM NacCl, 1% Trito X-100) ¢} 4 phosphatase ¥2 protease
inhibitor % B~ §-v B> 3tk b2y 30 4 487 4 F sonicationa (10 /= » £ = =) >
52 4°C ki 13,000 rpm T gt 10 A 480 3B iR o0 fc B 39 B o f1* BCA 3
T E F-v FER {504 » 10 pl hprotein A/G agarose beads *+ 4CH45 & * s 1/ B o
FFACHEE 4,000 rpm T gre 30 4 0 B FiR ¥ A beads o 4t R ¢ B
111,000-2,000 pg hd-v FE > 30 E AR 0 ddHO AR R 0 A R R Y B
6 OReng s L 4o r i F enpui £ (1IgG 1 2 pl ~ Splt 10-20 pl) *t 4CHE F
I P o P 4~ 20 uL =0 protein A/G agarose beads 12 #~B~ immunocomplex »
WACHEF B2/ pF o &F T ¢ 4,000 rpm o 30 4 - b’s",f_‘ Forf A~ 1
mL IP wash buffer + = g ficds & 10 =x > &5 5 i protein A/G agarose beads 4 2 -
#2 EAF I R T S o sk b i § T beads 2 4 » 60 pL 12 & e
sample buffer » ++ 105°C ™ ¥ J& 10 4 45 > #-beads & B~ g F A~ 3t B {5 4]
* fEi¢ 10,000 rpm .o 10 f5 0 BB~k 3 Areeppendorf ¢ 3R B

FRAME F > LB DT R R NEd 2 IRE o
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L s FATAEPF R R

Mg T s N4 xR & heparin (10 U/mL) ~ VEGF ~ bFGF ~ IGF-1 ~ EGF ~
DMSO # %4 0.5 mL Matrigel™ basement membrane matrix % BALB/c-nude
mice T PR o FRRE T - BT o L v IREE (oral) 2 E i3 >t Matrigel plug
io(Co-pug) B S N e — iR AL M EURRAS - R4 % Matrigel plug 2~
I pEdp 0 42 F Bo— 304 <0 Matrigel plug &7 e ger 2 4 (H&E staining
Masson’s Trichrome staining) - ¥ — %4 plug ]| < #-# “,ﬁ%% Rnt e 2
» 100 uLPBS ¥ - * Az F A R F F (sonicator) #-plug #=2 5 it » £ 12 4,000 rpm >
ACH~ 10 » 45> P~ 1+ F% > 41* Drabkin’s reagent kit (Sigma) #| & # & =% 7

£ o R R4 e

LI ~FPFEBHHBEITRE (Tumor xenograft model)

H A E L B2 e o %1 x 10" MDA-MB-231 %8 fm % 14 4 T L6 0
£~ 8 ik & 2. BALB/C nude mice % 2% « # 5 4 £ 3 150 mm® g 4n 00T B o
EHRUCPRINET T PR R PREHEBRA AN FHREE L4 F RS
2. B> % - i control %] > 45~ MR wE {8 S 58] (1% carboxymethyl
cellulose + 0.5% Tween 80 > 0.2 mL/mouse) » % 2~3~4 B4 B 5 - B ¥kl
(paclitaxel) ™ % & % 40 % 2 (MPTOEO028) > ¥ * 248 # i | 1,500 mm® p¥ & & % % >

)RR B R e iR 2 10%° AR S R & B4 F-80CIR G F

o FBH Y nRs B RTE S R ERE AT

IR
P R SREENMTHEE £ R L (meanx SD) & TiaE £ TIHERER
£ (mean £ SEM) %7 » I i * one-way ANOVA frttest; % P<0.05p % 5 H
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Sr® RHRES
- ~ MPTOEO028 #r#] HUVECs 2. 4 & $71 3%
4o ?%‘ri EARY o A e mﬁg_{ y fmPE S (TR ? B;P_L_'—fﬂjst—‘f;rs{;}g

BELeho Ft QI #a R B% (functional assay) 1743 & 4 Al 0 Frdla F AT

4

5

et oo ax- BESEY % F L pan-HDAC Fr4]# 12 2 N-hydroxamic acid
#1574 4+ » MPTOE028 2 % SAHA (Figure 1A) > v $iud ¥ $f30Fr il im e 5 3 12 2 im
feafhenicd o gAY ELE LM 2 K VRS FHeglp A dmre 2
£ i 4 >t Figure 1B # > MPTOEOQ28 14 )k & 4p B 1+ (concentration-dependent)
FIp A e 4 (Glsp = 0.26 + 0.03 puM) > ® Frd|»c% 2 SAHA 2% (Gls =
058 + 0.01uM) - ZHF P EH > mre 2 Epr DNA & 2 ch 8> @
5-bromo-2-deoxyuridine (BrdU) incorporation assay ; # Figure 1C * % 5+ MPTOEO028
Ok B AR B 3] DNA 98 % (Glsg= 1.42 + 0.44 pM) 5 ¥ 4p # SAHA (Glso
=2.70 £ 0.78 uM) 3 L 4Ferdrdlscdk o Ep 2t wmre 3 Bk Bl & * MTT assay 2
T F B % 1 MPTOE028 % 1Cs0 =3.89+ 0.14 uM ~ SAHA B % 1Cs50 =12.16 +
036 UM - d F % % %% F > MPTOE028 - SAHA 328 Frglimre i 4 iv% » 4
4 iz 4 MLIE% 4pgto] (Figure 1D) o F]pt o vt s f F gl § ) AL e

24 > MPTOEO028 & it SAHA -

= ~ MPTOEQ28 #** HUVECs # i7 2. 2 58

Fle §AT2 BT 05 2 M FAT4 (sprouting angiogenesis) % F Bt
R dm¥e A% 17 enig 4 0 F)pt 287 3 1% Boyden chamber assay 1 L% MPTOE028 #43¢
HUVECs # 72 58 » 7 &2 SAHA faosc%k vt i o & Figure 2A 2 2B ¥ %1 »
MPTOE028 it 1 jk & 4p M (4 Fr4] EGM-2 #7134 £ enm®e (7 » 2k 0.1, 0.3, 1, 3
uM B e 2 & & B 5 57% (P <0.001) ~48% (P <0.01)~45% (P <0.01) 2 32%
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(P<0.001)+ # SAHA fik A& 10 uM P& > #rdl 28 % 39% (P < 0.001) » ]t ¥ {4

MPTOEQ28 >+ e A fmPe £ {7 cae * it SAHA o

= ~ MPTOEO028 $* HUVECs #f& ¢ ¥ 135 2 B 5
M F A Rl FATAE S R AL FRE LRI LT A T
o AF 7 1 * Matrigel tube formation assay 1 3= % MPTOE028 $>t#r4| p A i ¥ 5F
i F ERRRA A Sk o RS SHT Aifdle? EGM-2 AP G E
HUVECs i i » 2335 5 4 & feciiifi § § 92848 5 pF ¥ - MPTOE028 chi
o R iRk R AR B P BRG] g R 2 (Figure 3A) e B fs It Image-Pro® Plus
BRI E R 06 well ¥ T BHRATRE (0 -7 v T 2 1) gk
BT BH T3 o Figure 3B 27 MPTOE028 k& 1 2 % 3 uM pEdrd|izp 4 5
% 520 (P <0.01)~31% (P <0.001) » @ SAHA R] & k& 3 122 10 pM P $rd] 4z
& & wliE 50% (P <0.05) % 26% (P <0.001) > %5+ MPTOE028 #++#] HUVECs

25 A H F vpenic 4 77 R SAHA .

w ~ MPTOE028 $#} A4 % ¥ HDACS E#.2 3¢ T4 RELHF

MPTOEO028 ™ 2 SAHA I % pan-HDAC Fr ]| » F]pt 5 2L 41 * Fluorometric
HDAC activity assay kit 3% & 4 >4 4] HUVECs # HDACs & {tehiv 4 o
Figure 4A ¢ »MPTOEOQ28 #r#] HDACS 7% 47 1Cs % 1.59 £ 0.15 uM>SAHA 1 1Csg
% 4681013 uM> 5 5 —‘ﬁ 13 ¥ 2+ MPTOE028 #r#4] HUVECs # % pr HDACs
Bt 4 i SAHA G o 18- b i * & 2 R B 0 R MPTOE028 12 2 SAHA ¥
3 im% ¢ HDACs 30 & E » 12 HDACs #ril#lchiz s £33 285
2% & b Figure4B 3 4E ¥ »MPTOE028 & SAHA % it i# = a-tubulin 72 2 histone

336 fre it st 0 1 A $t HDAC2 - 6 g 4 » 4w fute # 18 | pFi1 2
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6 ] PFfe > g iRpER L R RAPM I 0 B AR 0 @ $3° HDACL ~ 3~ 4 9

% FAILE > MPTOE028 2 2 SAHA % m g ¥ 7% -

I -~ MPTOEOQ28 3 # HUVECs jm% ¥ #f i& % 3 GO/GL #

#i47 3t MPTOE028 . % ¢ 33 47 HUVECs enlm®e i3 ) > A G A7 7 18 * i3t e
&4 ritkipl 0 o Figure 5A 122 5B ¢ Bgr - MPTOE028 ¢ i & FF 4p B 1434 3 4
HUVECs % GO/GL #p chim®z | A vt » % 85 SIG2IM #f chim?e | A vt » ¥ 4 18 )
P GO/GL #p ‘m#z 1- GRi Se B &8 o 2% > 2 % k& ¢ MPTOE028 Au2 HUVECS
18 -] p&> ¢ Figure 5C 14 3 5D ¥ » i % 7« kg e PR ik Ok B 4R B P2 B 4 GO/GL

# o 12 R S SIG2IM B hime A o

+ ~ MPTOEO028 #+** HUVECSs sm#2 ¥ #f GO/G1 4p b 3-v % 2 FF

AR R F 2 522 4F 3 MPTOEO028 #34 #7 GO/GL # 4p B 3-v H 2 ¥
s 4o Figure 6A 12 % 6B #777 » MPTOE028 it 1k A 12 & P& [ 4p B 143 3 4c
p21MeCPL 2 27 2 Fod Ao A F K16 o] PFIS A A 4 oRb 112 p-Rb pIA
Wit 6 M2 12 )P EPET L ERPM S B & CDK RoE¢
MPTOE028 ¢ :¢ % p-CDK2 £ 38 T ' > $43t CDK4 iz} B8 ¥ 7t et iw
2 p GO/GL iz » S # ehrcyclin A~cyclin D1 ¥# cdc25a: 12 % §e4 fm Pz i ~ G2/M #f
h1cyclin B1 » MPTOEQ28 4 it % o ¥ 22k & Ap BE (a4 H 3o Frend oo F]pt o
¥ @4 MPTOE028 & #£d 3447 GO/GL #p B 3o % 30 > i&m i & me b3 B30

GO/G1 -

= ~ MPTOEO028 #+** VEGFR2 * #5314 @ 1f2 § 58
*E T - HIFE I > MPTOE028 #43% i gﬁ* € & O VEGFR2 2 4, @ 3E 5%
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EEFFREF A I F > BEERRILS F T R MPTOE028 - $1¢
HUVECs ¥ VEGFR2 ™73t 4 @if 3y FAME PP 5 4o Figure 7A 22 7C
5% 0 B b ¥ VEGFR2 eglifis v > 11 2 20 fme B 4 6T p54n B 3-v o 4o Erks Akt ~
MTOR eghfis it 122 MTOR ¥ » MPTOEO28 ¥ i i PFRF 12 2 Jk A 4p B 34 i 5
Hgv H4ME @ VEGFR2 Erk~Akt .30 2 R E P73 X B 418580 o o
F PRl 0 dmre 5 (7 enT 54 v £ IR > % Figure 7B 22 7D ¢ > p38 MAPK -
Src ~ FAK = & i it 11 2 FAK S 3 % %P 00 2 Jk B 4p B 423 7+ p38
MAPK 12 2 Src & ¥ v 4 2 |7 £ MPTOE028 845 « F)pt » d 11+ $v 4
MNP S L% ¥ o MPTOE028 ¢ %% VEGFR2 ™ %31 & Byl /T > & 4 moe 3y

EARRIR AN LER A C Ay i B Sl

A~ MPTOE028 ¢ &> NRPLMRNA 112 3¢ F4 &

%7 B f2 MPTOEQO28 F 4cfm A 8| 12 2 §8 ¢4 4 :§$$4 T s o AT

B £ 41* microarray analysis 14 :*% HUVECs % MPTOE028 rJ® (5> £ % ¢ 5

DL A
I

2 EATAARM AT SHL R o F A > B HUVECs A % 1 yM MPTOEQ028 14 2 7
be By eJR 24 o] pEo 5 B3 2 enmRNA # 41 % human onearray #gk Fl & B 6
73] A F1 & RenEsE 4 47 (clustering analysis) » 4+ Table 1 #7755 MPTOE028 ¢
U RAEL FATA AR M A F1 & T 0 G4 ¢ PLAUR *NRP1 )22 ANGPT2 > i ®
¢ H 4o B ATA hAAFIA IR > Blde D IGFBP3 o @ Ap RO H @ LS F ATA ehfk

%] » NRP1 mRNA " &% > (log, ratio = -2.48003) (P value = 4.15624 x 10%) > »

[k

NRP1 i 2 VEGFR2 ch& b <X B> 7 5 3F v‘),?e#;, U NRPL 3t o #2724 2
L F AR QE L NRPL (75 B4 50 gAT2 iRl P o 57 { 4
FEFL microarray (hi % > A 7 1 * quantitative RT-PCR assay 1 2 & = & BE/% 12
# Pl NRP1 mRNA 12 2 3-v B 4 3 > % % 4- Figure 8A #7517 > MPTOEO028 &: ik P&

"R ER AP A F# " NRPLMRNA £ > I pF & Figure 8B ¥ > NRP1 » ¢ i
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PER R RARM M B0 B FARE o T %ﬁd microarray 4 1% +QRT-PCR
MEF > ki dipl MPTOEO28 # it g %ﬁ“d 22 NRPL 2 Flengi 45 & mRNA "%

20 i&m g MRNA 122 Fev Fend g o

1 ~ MPTOEO028 #r#] NRP1 ¢4 R3¢ = HUVECs w% 3 2 ek >
= 7 FEss NRP1 & F & MPTOEO028 Fr|n ¢ A72 i@ /g £ & ek &

*F2 7 1% B4 hEGFP-NRPL & HUVECs # (7w # 4 ch @ 2% » & 2 {1 *
QRT-PCR " fiz i 4 vector ‘2% H 3 % MRNA 92 3R> 1FEss NRPL /2§ 7 Ak &
% 7 (Figure 9A) » £ ¥ » #-° 5:iF wre & 4 7 HUVECs 7 MPTOE028 2 12 -]
i o I @ 3 R 2RZ P NRPL chd-d B A& 12 VEGFR2 & g #72 4p B
TERd A EFV FEA AT NRPL & £ # MPTOE028 J & #rilehis 4
oo fFigure9B # » 27 vector %t o R AL NRPLeOp L fmPe v » r g ¥
k& MPTOEQ028 #7#r+]:7 VEGFR2 T #5im?e 3 4 4p B v > & 45 Erk 2 2 Akt
SOERRL 1Y o 50 FEIRUE R & IR NRPL > & f3 8 © MPTOEQ28 #rfr|cnimbe 3 4 > &
EFRTRERY BL%N L w2 F %S kiR 0 5% 4o Figure 9C #7on 0 i R
%+ NRPL ek g mie 82 fm¥e f 4 vector shie Bl4p it fi > B fwie i 4 thiy 4 A%
PEROIUM 2 1L uM ik @ TR R F v ko 2 B st 2 {& o T
Lol BB SES T E M NRPL $3F MPTOE028 #ifrd]chp A imoz 3 4 548

PR FE R A S o

-+ ~ MPTOE028 ¢ 3 4: 4% %]+ Spl the fgi
AR F 2 - 33 MPTOE028 #7#4] NRP1 mRNA 12 2 3-8 7 4 2 %48
AL FALET ¥ EE TS ¢ 2 NRPLDNA i promoter % & @ .8 A 5]

&> & 4% AP-1~ C/EBPB ~ Spl & % > # ¢ Spl %4>+ NRP1 promoter #& &/ 14 %
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. +~ (Rossignol et al.,, 2003) ; ¥ ¢ 7 5 # 7 &5+ pan-HDAC #r4|#| § ;ﬁd i 4
Spl ehe fpf > & @ "5 M H & DNA 5 £ chifed > R0 4p B A Flhi & (Waby et
al., 2010) o Flpt AT 7 8- H R * LE UK ZE A 17 0 MPTOEO028 A_7 ac 3 4 Spl
2. ¢ figit o %% 4 Figure 10 #771 » A input chke %] » MPTOE208 #1* Spl chj-v
ZEL A B A L IP thiew] > MPTOE028 R € & 3 #{ 4. Spl F-v e fpi -
F]m fip MPTOEO28 + »¢ %ﬁrf 4] HDAC s i@ Spl o fgit 3 4r > i2m F2 584

22 NRP1 DNA promoter 2. % & » ¥ NRP1 £ 31L& T % o

L -« MPTOE028 ¢ j# > #p & § A74 chaj
AFF &0 3t MPTOE028 #ffp el g 74 ci®* » 1% matrigel plug
assays MR E YL FAT4 4 L FF hPE o F A #nuhu ) BA A BT R

SESH N PG wed A amE o B 23 co-plug s ¥ MPTOE028 (LuM % 10

E

uM) 272 % (DMSO) ~ 4 £ %13 2 2 Matrigel /2 & » - A2fg » FRA T ; %=

e E A Matrigel 2 2 £ FF 2R Ef e 0 RA T2 08 UPRES ) BB
7 (DMSO) # MPTOEO028 (10 12 2 20 mg/kg/day) - F it 7 - B4R - & |

B B~ ) Matrigel plug *» & i& {7 Masson’s Trichrome 14 2 hematoxylin and eosin (H&E)

24 o fa Figure 11A @ » ¥ 12 “F' F| Matrigel plug & ¥ 4p 2>t basal % > =42 ? &5

AEFFR PR AEL F A 0 n A A g T g Pl e

|-

P Agcon F 4 & o o@ A% e m %2 co-plug MPTOEO028 ¢ #_r JR¥% = MPTOE028
chip B8 o 3 iR s RS > 0 Frdfe R RS FEDH L H e H e o F
pF > & BT Matrigel plug & > f1* 425 & & F ¥ Bl E Matrigel plug # & =% 73
# 3% % MPTOE028 #rlw ¢ #72 2R ; % % 4c Figure 11B #f7+ » f co-plug

MPTOEOQ28 12 2 v JR¥% -+ MPTOEQ28 = %] H Matrigel plug p & =% 7 £ ¥ 2 %

EHE T A a0 A, MPTOE028 flk & 1 uM 2 2 10 uM i i+ 7 g o
F R4 enfe B Bl 5 52% 0 E T7% > ¥ ¥ v pR¥% A4 MPTOE028 10 12 2 20
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mg/kg/day + @ i FI P BT ¥ 2 A Az A W] iE 61911 % 85% ¢ F]pt o gt

F B E% T HP MPTOE028 & § | B A4p b tdrd | BN o F 4 S eig 4 o

+ = ~MPTOEO28 f-] RE Ay ¥ B £

S 4 A AR A B JF e dih FATA > T Fedle F AR N

9

LMt £ AARAT P o 1% Uk me MDA-MB-231 i& (7 B R A R

N

B 0 113%% MPTOE028 2.7 i B 8 Fgad £ o § 4 B4 1 o
MDA-MB-231 A T ii&f* 8 FRMEMARR » T uE p rJRES F A 2
MPTOEQ28 » + *fi; 88 #% & $] 1,200 mm® 5 & 9 2% o ¥ 2. % % 5 » 4- Figure 12A
“rn > @B 14 % pF > 5 10 12 2 25 mglkg/day MPTOEQ28 2 /| & 56 8 & ] %t
1,000 mm® > & 43 E 4 g 4] e MDA-MB-231 #6.% 88 4% R 426 1,500 mm®

% mon g control ende n] B AR AE K0 RV oo YAt R R b v RS

MPTOEQ28 ¢+ &t A & 4 i 7 & gk > & 3248 € 4 (Figure 12B) » % 57 /) &

TR B ORI o R R B0 T2 lysis buffer 7 f#

=k

..
&~ B

{7 @ > & BkiZ & 47 ac-histone 3~ac-a-tubulin 2 2 NRP1 3-v 4 32 > & Figure

12C ¥ 15 3| *t B e P > 22 control vt g > MPTOEO28 &t P7 g 3 4c ac-histone

ppiu}
—rﬂ

3~ ac-o-tubulin 2 35 £ > ¥ ¥ 4 P& F 5 NRPL chgs 43R -
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P1E
HDACs &~ # ¢ % F e B &> S Aqpe e 2 2he dev > o e
¥+ - chaperones & ¥ - # BH 4t v o e A TR 0 BHAETLE U v & g
v 2_fFent 3 iv% (Glozak et al., 2005) - @ HDAC #r#1 3 7+ ¥ ,‘{ﬁfd A e p53 11 %
PVHL 74 32 » #r4] HIF-1at 2 VEGF o mRNA 12 2 39 F 4R E > &a 5
g A e % (Ellisetal., 2009) - p & ‘e ¥ VEGFR 7 3 4 @4t ¢ 37
ApFeyrd A LR Flpt o ddud g ATA s iREe P oo anti-VEGF it E &
* A BT L B ATE AR 0 1971 & Folkman i ik F ATA £ B AR
FARCERUNEES > REFZLZEEA]F 5 - B FDAW @bl pATE B
® % anti-VEGF #H k%8 bevacizumab + % ; & i7# % > sorafenib 12 % sunitinib
% -] & 3 ehreceptor tyrosine kinase $r# &L {s + 7 - #r4] VEGFR 12 2 PDGFR
T PERAL BAE 0 P A R ONILR R THR  TRAF L S BT § RS R
B AR 1L R Hbogp A hig S Flet Pl FATE hER A PURIGR Y R
TR o AR T - 774 = v HDAC #r41]# MPTOEQ28 » »t A #g%& %\ & '
o drdld B AT (T B2 3F 0 APl * microarray 4 47 3 Z P HDAC ]|
MPTOEO028 ¢ *ﬁ d #r4] NRP1 o mRNA 12 2 -9 B £ & @ Frgle g 472 - NRP1
iT5 VEGFR2 e X B > VEGF Z & &2 2 2 VEGFR2 % f» % & 4
P 4 @R (Gelfand etal., 2014) - 5 £ > & invitro # it (2§ 5% > 7235 MPTOE028
FER § RPN Llmre 4 s B F MR AR E e 4 A & oinvivo F % ¢
matrigel plug assay /2 % *i B WA 6 0 » FR#EM MPTOE028 ¥ 7 »ujk > 48
P A AR REHEEY K o s I G S BB R N e RS B IR
MPTOE028 ¢ 7% ¢ #r#] MAPK pathway ~ AKUMmTOR pathway 2 2 g . m*s i ¥
AR L a4 o T by g drdlere T AR M ch 39 > B4t Sres FAK
112 p38 MAPK 5 %5 § i 42 0 @ ji % me chenfh (7 o 10T AIHEET T B % 17

- IRt e
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23t MPTOE028 # SAHA % fo#fscr

Vorinostat = ¢ suberanilohydroxamic acid - #§ & SAHA - it & & 4
N-hydroxamin acid =724 # » 5 % — B i i # K FDA 0 HDAC #4114 » B>t R 4
1 HDAC #r#|#&] » ¢ % }n fri %)+ Fv F ¢ 2 lysine 24 ¢ gt (Richon,
2006): % 2006 & 42 F ¥ jof £ K T w4 = % (cutaneous T cell lymphoma ;CTCL)
(Marks et al., 2007) » p & 4>+ 25] w92 3 % (& & paclitaxel ¥ carboplatin) ~ & %
RRAR s 58B a8 2 PR 27 LRBEE KB TR TR
R FIRAEAA L o @ MPTOE028 7= B3t ] 4+ i &£ 4 HDAC inhibitor * F 3
N-hydroxamic acid #72 % » p# ¢ 3 F AT HEFTEENF L3 R RRE > £ L
ERPmr FEHREP SRR YT €D R e i 2 N S R
2 &2 SAHA v iy B 5 { % e HDAC #r4 & 0% »x (Huang et al., 2012; Chen et al.,
2013; Chen et al., 2014; Huang et al., 2014) %]t ~ & 7 % t4£ 37 MPTOEQ28 #43% $r
Fla B ATE DT LABEPE > L EY 0 SAHA TS HRE > Tt ges F N

i B AT AR A R A o

= ~ #F3t MPTOEO028 j# > HDAC family #v 42 ®RE

HDAC family p &2 5 3% 5 3 dp N0 gAT2 £ 5 - Thipehd 4 o
HDAC1 ~ 3 ¢ % & 1 HIF-1lo! 7 oxygen-dependent degradation domain (ODDD):&
A 1w A 2 HIF-lasfg T 404 % transactivation (Kim et al., 2007) ; HDAC4 2
HDAC6 » ¢ feHIF-la.% & * %gd # > proteosomal degradation @ 3 4x HIF-1a $& Z_
M 2 axS 4 (Qian et al., 2006) - AF= % i * 2 5 MPTOE028 © #4477 %7
& — pan-HDAC #r4]> & f k@ %7 7 3 IR MPTOEO28 ¢ %8 ¥ #r+] HDAC1-2 ~
6 i+ (Huang et al., 2012) » F]pt &/ % @ 1% & = % 22 %4533+ MPTOE028

P L e ® g FATA M HDAC Fv FAREREL P FREFFR

H
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HDAC2 ~ 6 eh3-v T4 IRE 7 P AT REFR V2 kR AP M2 B0 o &

HDAC1-3~4 3¢ FRI &P R L. & SAHA £5 g2 chle W) > ¥ 12 5 5] SAHA

=1y

¥ HDAC2~6 » § RPFRF 12 2 kR AR B M Fr4] » 1 20 43 MPTOEO028 v v

e

T4 cniTd £ F &g HDAC family en3-v § “74p B > p (8 2 & { & - hf % 1

RGN

= ~ it MPTOEO028 ¥4t %2 i¥ #f chff 38

e FHP AR EGRE (T A L L Pl N ks A BT S 4 R B
BRI A F TRV A S Z B GO/GLE ~SH I G2IME o b F BRE
By MBI DI o cyclin family ~ CDK family ~ Rb 2 2 CDK #r| &4 p21
MR P27 E ¢ e H ¢ e (Herrup et al., 2007) - % 3% #p 7% — 1% checkpoint

= GUS > wre i GLE R » SHPF ¢ Hd w1t~ k7 v 1 fliwre 15
i~ SH T F4DNA g @ 2 ¢ & 45 Rb~cyclin A~cyclin D1-CDK2-CDK4 ~
p21 11 % p27 % > B4 © § A5 45 4 HDAC $ri & (8 0 4 tmre @ p21VAPVCPL 4,
LA e 0 i 2 e P R UF & GO/GL 8 > I BF4 € 55 survivin sn4 JE  (Qian et
al., 2004) ; ¥ ¢t » & 2009 £ 5= 3 ¢ # 1w~ Raf-1 #r4]# Sorafenib + ‘;gc} Fe g
Raf/MEK/Erk pathway £ @ i = GO/G1 arrest (Hayne et al., 2000) - * {# 7 &d =
5 BL2 ¢ 2 FEii MPTOEQ028 2 5 #rd] Erk1/2 et chae 4 » dr B R E 3 Airiw
e a4 cRb & Gl AT A AL Ed 0 g8 E2F B & m e E2F B0t
(Lundberg et al., 1998) » @ ‘w#z &% 3|2 & F|+ §]3pF > cyclin D ¢ & CDK4/CDK6
R EFRFOE R Bipt (50 Rb § 2 E2F A3 E2F {72 A 4P R A&
Flengh g S £ 2 EF S ¥ DNA & = ahcyclin Ascyclin E 2 2 CDK2>cyclinE
¢ 22 CDK2 #5245 & 4 £ Gl #i& » S#>a cyclin A 22 CDK2 4f & 4 P &_itie 'm
Prixdpie 0 G2 o it x G2 s> ifd cyclinB iz CDKL A= 4 & A 43w

B M B e g SO F AR BT Y o 7 A RN
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%% 1 MPTOE028 7x § 4 3. HDAC #r|#|crdF it & p 4 w9z i3 8 i2F & GO/G1
o b SIG2IM Hpihime oAt o RF L R G S L ERZ - A GO/GL
Woeiop b i o 7 g 3] p2lVEP 2 p27 3o A LB SRR L2 kR AR M
Mg 4 > #2 ¢ FEGLE hcyclin Dl ~ S # shcyclin A 1 2 G2 #p s cyclin Bl
ZMEFETHE PP RbE p-RD 3ov AIEF G R ERAAMIET E
Fob AT g A AR L e ¥ o cdc25A £ RS § 2 el cyclin E &
CDK2 th4f & 4 4. 31 > i& @ 1 & 'w¥e 3F 8 2% & GO/GL # (Sandhu et al., 2000) -
Flpt he > R EhE Y o FOE I Cdc25A H AL E RPFER LR LR APR MR

TR o

p-CDK2 # # ¢ & 1

% > @@ MPTOE028 £ 4 HDAC #74]

E

T2
ElzgE=2 e sb;ﬁd w2 ¥ ) GL/S checkpoint fp b 3o - iEm 2 H iR A

GO/GLl # » e 1 § thad £ 35 -

= ~ %3t MPTOEO28 &> AKt/mTOR B &2 8§

PIBK/AKUMTOR g/ P v ¢ i § B mbe ¥ AR R E T 0 B0 o be ahiy
43T BARM 0 3 W R iE L BT D ¥ e end 10
fox PF - TEE S o bldolmte i 4 S AR S AT s MR RBPULE G
% % (Bader etal., 2005) - Phosphatidylinositol 3,4,5-triphosphate (PIP3) = PI3K #1 &
4eny - L BiEs 3 > ¢4 F 10 T 2% Serine/Theroine kinase ¥~ PDK1 12 2 Akt »
Akt ¢ i@ gk it T 2FmTOR kA2 d-v F & & 11 2 ¥z eh4 £ > @ Phosphatase
and tensin homolog (PTEN)R|# #hak:a s & 5 f » #4437 PIBK/AKY/MTOR S 778
Fdrdl A F] (Toker et al.,, 1997) o v w ¥ A72 P s 37 527 % g gd R
T LA kG F ehd s F R daeT (1) AP A
VEGF # & %]+ caf|jgeps > € 3 4o PISK/AKt/MTOR B o ezt 4 @ 1L/ 3 e fw e 45
Fenis 4 Q) M A e e 1 AKE § R B F 4 A A B 4o

J ch g 4 = (Morales-Ruiz et al., 2000) ; (3) PI3K 2 #{2=t B ~ pl10o$t>t fm oz £3
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Fruz e g2 B3 ERAF N BET Fﬁﬁﬂ%ﬂé’»—pHOaﬁ%‘f v F AR
4 & (Graupera et al., 2008) ; (4) EGFR/PIBK/AKt/MTOR 2. i » € %gvi e A
HIF-lo# ¥ & 4% ¥ * & VEGF promoter ! & 3 4c VEGF mRNA 14 % 3-v
(Maity et al., 2000; Jiang et al., 2001) - F]#* A & § ik~ © #31 MPTOE028 #}>*
AKUMTOR B /o 8 48 > 9 5 & % %3 MPTOE028 ¢ ik ps F 12 & K A& 4p B 1244
p-Akt (ser473) ~ mTOR 14 2 p-mTOR (ser2448) trj-v F &M > £ 0 4 ¢ kpFfF 1Y
2B ARRE I8 B4 PTEN 39 B2 IE o ¥ ¢ 714 % it EGFR/PIBK/AK/MTOR
Bilte gATA S PR ER LS 5 2 Y rAp i E i€ EGFR #rl& C225 7
g " VEGF ehi E->» § B FH © ¢ 274 F]F > 4einterleukin-8 12 2 bFGF ;
BATAE L 4 47 0 ik F L ek ¢ 0 EGFR iaie VEGF-A i E 2.3 & PI3K
2 MAPK b & i cnk g it (Bancroftetal., 2002) - F]pt A pAm g ¢ 0 3T
supplemental figure & ;= MPTOE028 #+** EGFR ¢ & p¥ ¥ 4p B {23 H 4 3
MPTOEO28 I p#» & 4] p-Erkl/2 chi—¢ F & E - Fu-daip] MPTOEO28 I P 3%
d #r4] EGFR/PIBK/AK/MTOR g5t 2 MAPK i js = e $r4] VEGF e JiE @
Prolamve B4 B s AR AR E R E 5 1F EGFR T 4 @ikeA 5 4F

I FEILAR B A A

I ~ #F3 MPTOEO028 F#r#) fm%e 3§ 4 g g
iT# k3 M RaffMEK/ERK g s+ ;ﬁd # 17 G1/S checkpoint 3-v @ § Fimre
FH 7o g Lwre ~ A% (Mitogen) € i@ 1 Erkl/2 2 2 & g it > 5 - L

i f AP AR G 10 AR 2 EKL2 § A D e P F
- en

)‘P‘P

% AR E R BT T EFEERGCLY Y6 LD mr kiR
» S OEKL2 eE T A g RRFE T ABIP cA I me T AP Fw e
- e Erkl/2 ¢ A5 d H4e cyclin D ehd 3 - i€ cyclin D 12 2 CDKA4/6 v & 48

Ay Tl Fapc it Rb> 1% Rb & E2F ~ %t > E2F (B n st wmre ki » SH M
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4> DNA =g % (Coleman et al., 2004; Chambard et al., 2007) » ¥ * gipé i+ Erk1/2
X Of R 0 X2 G R BB S - B L e 2 i MR e T
i - 0N S T U AP U S - -0 [P RN RCA S S N
(Srinivasan et al., 2009; Ma et al., 2015) - ERK1/2 ¢ #2538 FOXO # %]+ & @ J2 58

#r% A ¥ Bim~FasL> & _wm e v 8 p27" 12 2 cyclinD ¢h4 3o F|pt B % e Erk1/2
Frgl A g et 5 dgd FE T FOXO3 & ol lmee chsif 4~ > dm e chi 4~
BB AR R R0 F R4 £ % (Mebratu et al., 2009) o Fpt Bt KL Y o
MPTOEO028 7z 7 ¢ i = ¥z tx #p is/F & GO/GL #) » F@ 4F 3 ¥ Erk1/2 £ &
B F %53 MPTOE028 ¢ &P )2 2 Jk B 4p B 124r 4] p-Erk1/2 ehg-v §F

AME > R PP EKL2 H AL e § o

2 ~ #3 MPTOE028 ] fm gl 3 3
PR OH FHN L FATANIAAF LR P ERFRBEFIALD
Wk almied End 2 e 3] L lwe kit~ R v]zfﬁ~ﬁ“ﬁti‘ﬁ§ﬁ v F]
AEFT N L ? VEGFR2 T i & @R T4p M dm e 5 (7 3% chdE3t 0 § A
% VEGF % & 1 VEGFR2 p* ¢ & tyrosine 1214 chi= ¥ p Mpife it » R BB 18T 2%
e Nck ~ Fyn 2 2 Cdc42 » 3 ¥ Bk 1 p38 MAPK » & i« ¢ p38 MAPK ¢ & 4 gk it
it ™ #0 LIM Kinase 12 2 Hsp27 » fph A fwfz ¢ € 34 actin chR AR E 12
stress fiber 07 = & 8 p 4L kw 2o (F 00 jeipie Fmie A (7 *t VEGF ¥ VEGFR2

m .

ﬁn-

&4 ¢332 Hsp9 HHF & 2 VEGFR2 & /& it RhoA-ROCK » 4 %
RhoA-ROCK ¢ & FAK serine 732 ez ¥ + pific it > s FAK #1217 2 &% 34k

¥ - i kinase Pyk - tyrosine 407 i % mipk it - ¢ & focal adhesion i £

La

g"’ﬂ‘
—l\

(turnover) @ % sn¥e chpk*tae 4 (Lamalice et al., 2007) » & B #v ¢ 5 &
NRP1 £ VEGF % & #*t VEGFR2 ~ NRP1 4 VEGF % B & feflisg & 4 07, = &

3 W gdk o 7 ¥ & 34 VEGF §1j VEGFR2 7™ 5 FAK tyrosine 407 i+ ¥ «ific
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it @ 3 4 fwPe #5 (7R 4 (Herzog et al., 2011) - Pyk2 eogips it » 11 2 VEGFR2
tyrosine 951 crgifk it % € 71t Sreo A B Ew B FER > H AP L e BT
Ao Flpt AR T ¢ F 3t MPTOE028 3t imfe #% (F4p M chdo B A I § 5% 5%
% ¥ 124 7] MPTOEQ28 it 3 % p¥ [ 11 2 Jk & 48 B {43 #741] p-p38 MAPK -p-FAK 12
2 op-Src 3w FAME > 23 FAK 3y T2 RE AR T 102 kAR AP 12
PR Sez w3 Y Ko B VPA ehjTA $ ACS2 112 ACS33 I & pan-HDAC
inhibitor > ¥4+ 9 5 ¢ FAK 11 2 p-FAK h3-d F & & ¥ ¢ #rd] (Wedel et al.,
2008)0 ® = 3 A HEF Y EKL2 enigit s ¢ 5 d BEE S B A g 2 FAK
" E p-FAK 2_ 3-v % L& % ™ (Srinivasan et al., 2009) - #]* 2;p] MPTOEO028 & 2
7 FAK 3-9 F & S g 4 @ p-FAK 2 IR E T % g Fldeipl3 = > - & FAK
AE oo FAILE T MEATRO - G FR Y NRPLahZ& g a B2 8 VEGFR2 ™ 5 FAK

SRR T o

= ~ ¥3t MPTOE028 #74] NRP1 % .11 2 = 253 4 @8
AFTF P o AL * microarray 4 17 MPTOE028 ¢ 82 %88%:F % 7 Ip e g 72 0
AFEIR > S5 57 NRPL mRNA £ 3 7 "% 2 20% > & & g A72 40 B AR F]ic
®¥EHKSF 2 NRPL it5 VEGFR2 shx b B - ¢ J 3 577 A 0 dy
VEGFR2 ™ 52 4, @i @ £ & chx sy > Fpt 2 NRPL 1% 5 ¥ 30 &P
MPTOE028 i % B 88 L Mg > % % M MPTOE028 ¢ & pF [ 11 2 Jk /& 4p B 24
#1 NRP1 z- mRNA 12 % 3-¢ H 4 3% o ¥ ¢t PI3BK/AKt 12 2 Ras/Raf/Erk 3t & @& vE
Bajfo ¥ n Y wre i 4 s e k) GUS g 2 p L lmzenfi 7o R S ER
G PR /S (WU et al., 2010; Polivka et al., 2014) - B % & 4 2% 5 72 5 B 7 $r 41
PIBK/AKt 12 2 Erk 3u 4 B a0 59 = 5 F pxeim § A2 Frd B Fla Frd| g a2
£ (Wangetal., 2012) » F]p* & &4 5 &% ¢ * hEGFP-NRP1 #-NRP1 i & 4 3 -

BE BT RET P K k& MPTOEO28 #r4] Akt 12 2 Erk1/2 chgipa i it* » I
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PABNEE%Y > BLE AR HA AR EES 0 BA AR NRPL &

53 F 4 MPTOE028 #rdrd|ehim®e 3 4 L% » F] &g~ NRP1 £ MPTOE028 # 41

A~ 3t HDAC #rdi#3 4 spl B4 a #rd] NRPL £ R

¢ 5 MPTOE028 % — B pan-HDAC sndr]&| » £ H 43+ Class | 7 HDACL ~ 2
11 % Class IIb HDAC6 #r+4|7% 1% % (Huangetal, 2012) > p % 7= 5 3#F 5 7 7 &7
HDAC 72% § 3¢ epigenetic = 5% i3 4F 333 4 Spl @& F]+ e {0 2 77 PF A
Flgch: + i o blhe HDACL § 45 d fo Spl 4kt @ B4 Spl &2 E2F1 gk eny
L5 B E2FL chf Pl ik @ B e ik B ch% it (Doetzlhofer et al., 1999) ;
HDAC6 # £ T ¢ Frd] Spl chggdrim > @ ¥ 3 A7 % 4p &1 p300 g;gﬁ T fig it
HDAC6 & H % 4 /&% > @ P43 4c Spl ¢4 3 (Han et al., 2009) ; & & %
HDAC1/2 » ¢ #r#] Spl £ p300 & & £ @ B F > Nprl ot A Fliad & g e
(Kumar et al., 2014) = F]p+ 4 2F 5 77 5 © % F % 48 HDAC sdrd| %] % § 45 Spl &
DNA % & enjifr4 - 3 4e & dr ) 2 €875 12 > bl4e trichostatin € i@ & & & DNA
+ HDAC1 4r Sp3 ¢4f & 4~ 27 Spl A 4 > Spl {7 11 % £ T IGFBP3 i+ + > 5§
4r IGFBP3 MRNA 12 2 $ov F 4 3 BT o5 4 @ik > & 35 IGF #73 frehim e
4 E vz me k= £ 5% (Choietal., 2002) -

MY e #EF Spl £ NRP1 DNA f&#+ + % &6 5 F & il 457+
(Rossignol et al., 2003) > t* 4= H = $i 4% F] 3 4o AP-1 & §_C/EBPB& it #°55 NRP1 #
Flenk o Flpt e 5 A7 7 Ao butyrate ¢t - HDAC Frd[® i % 2 % g mie ¢ o
¢ #r#] Spl % & 2 NRP1DNA fxé= =+ 1 hi 7] > Fla & ¥ - NRP1mRNA 2 2
30 FARE (Yuetal,2010) > & @ &7 5 + P % 5 HDAC #r#14]% ¢ # 4 Spl
% lysine 703 i~ ¥ sz fait > ¢ 3% butyrate ~ VPA ~ oxamflatin ~ scriptaid - CHAHA -

APHA % % > i&m "3 14 Spl &2 DNA B qr# > T #r4] Spl fe A F1 & 7|} b + g
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&4 3. (Waby et al., 2010) - F]pt A& § #h > ¢ 4533 Spl £2 NRP1 2_ fFF énfd i » &
RIS A 1TiE 0 B A5 MPTOE028 2 is tnie %] » HUVECS i 47 %]
+ Spl ¢ figit FEF 3 3 4o crdB % > i@ 40P 5 dr 4] HDAC #7i = e 38 Bt &
KTy > e > F RE- H ] EMSA F % > 2 » 1 FE MPTOE208 #+4] Spl &
NRP1 promoter #L{r+ 2_##& > 12 2 #53¢+ MPTOE028 &_#r#| ™ 48 HDAC isoform >

TR T SPL A 4r ¢ iRt 2 B S
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Figure 1.MPTOEOQ28 inhibited cell proliferation and cell viability in HUVECs.

(A) Chemical structure of MPTOE028 and SAHA. (B and C) HUVECs were treated
without (control, CTL) or with MPTOE028 at the indicated concentrations in EGM-2
medium. (100% = OD) (B) After treatment for 72 hr, the inhibition of cell proliferation
was measured by crystal violet assay. (C) After treatment for 48 hr, DNA synthesis was
determined by BrdU incorporation assay. (D) After treatment for 48 hr, cell viability
was measured by MTT assay. Data represent the mean + SEM from three independent

experiments. *P < 0.05, **P < 0.01, ***P < 0.001 compared with the control group.
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Figure 2. MPTOEO028 inhibited cell migration in HUVECs

(A) Representive photographs of cell migration of HUVECs treated without or with
MPTOE028 (0.1, 0.3, 1, 3 uM) and SAHA (10 uM) for 18 hr by using a boyden
chamber assay (magnification is 4X). (B) Quantitative analysis of the migrated cell
number. 100% = number of migrating cells. Data represent the mean + SEM from three

independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001 compared with the

control group.
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Figure 3. MPTOEO028 inhibited tube formation in HUVECs.

(A) Representive photographs of tube formation of HUVECs treated without or with
MPTOE028 (1, 3 uM) and SAHA (3, 10 puM) on matrigel under microscope
(magnification is 100X). (B) Quantitative analysis of the total tube length by image
analysis software (Image-Pro® Plus). 100% = total tube length (mm). Data represent the
mean £+ SEM from three independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001

compared with the control group.
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Figure 4. Effects of MPTOE028 and SAHA on HDAC:s activities and protein
expressions.

(A) Inhibition of pan-HDAC enzyme activity by MPTOE028 and SAHA. After treated
with the indicated concentrations of MPTOEO028 or SAHA for 24 hr, the whole-cell
lysates from HUVECs were extracted to analyze the effect of MPTOE028 by
Fluorometric HDAC activity assay kit. Data represent the mean + SEM from three
independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001 compared with the
control group. (B and C) Western blots were performed after treatment with indicated
concentrations and time interval of MPTOE028 and SAHA on HUVECs. Effects of 1
uM MPTOEO028 and 3 uM SAHA on the HDACS6 inhibition markers (acetyl-histone 3,
acetyl-a-tubulin), and various HDACs family in HUVECs were observed in a
time-dependent manner. (D and E) Treatment with different concentrations of
MPTOE028 and SAHA on HUVECs for 24 hr were observed in a

concentration-dependent manner.
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Figure 5. MPTOEO028 induced HUVEC cell cycle arrest in GO/G1 phase.

(A and B) After starvation for 18 hr, HUVECs were then treated without or with

MPTOEOQ28 (1 uM) for the indicated time interval. (A) Time-course dependent effects of

MPTOEOQ28 on cell cycle progression were analyzed by flow cytometry for cell cycle

distribution. (B) Quantification of cell population in different phase. (C and D) After

starvation for 18 hr, HUVECs were then treated without (control, CTL) or with the

indicated concentrations of MPTOE028 for 18 hr. (C) Dose-dependent effects of

MPTOEOQ28 on cell cycle progression were analyzed by flow cytometry for cell cycle

distribution. (D) Quantification of cell population in different phase. Data represent

the mean £ SEM from three independent experiments. *P < 0.05, **P < 0.01 compared

with the control group.
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Figure 6. MPTOEOQ28 altered the expression of GO/G1 phase related proteins.

(A) HUVECs incubated in EGM-2 medium were treated without or with MPTOE028 (1

uM) at indicated time interval. Cells were harvested and analyzed cell cycle-related

protein expression by Western blot. (B) Treatment with indicated concentrations of

MPTOE028 on HUVEC for 18 hr were observed in a concentration-dependent manner.
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Figure 7. Effects of MPTOE028 on VEGFR2 downstream signaling pathway.

(A and B) HUVECs incubated in EGM-2 medium were treated without or with

MPTOEOQ28 (1 uM) at indicated times. Cells were harvested and analyzed VEGFR2 and

VEGFR2 downstream protein expression related to cell proliferation and cell migration.

(C and D) Treatment with indicated concentrations of MPTOE028 on HUVEC for 24 hr

were observed for

cell

concentration-dependent manner.
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Figure 8. MPTOEO028 reduced NRP1 mRNA and protein expression.

(A) Left panel, quantitative RT-PCR analysis of NRP1 mRNA expression in
endothelial cells treated without (control, CTL) or with MPTOE028 (1 uM) for the
indicated time interval. Right panel, HUVECs treated with MPTOE028 at indicated
concentrations for 12 hr and inhibited the NRP1 mRNA expression in a
concnentration-dependent manner. (B) Left panel, Western blot showed inhibition of
NRP1 protein expression by MPTOE028 at indicated time interval. Right panel, The
concentration-dependent inhibition of NRP1 in HUVECs treated without or with
MPTOEOQ28 at indicated concentrations for 12 hr. Data represent the mean + SEM from

three independent experiments. **P < 0.01, ***P < 0.001 compared with the control

group.
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Figure 9. Inhibition of NRP1 expression by MPTOEOQ28 reduced cell proliferation.

(A) NRP1 mRNA expression in endothelial cells was measured by gRT-PCR after

transfected with vector or hEGFP-NRP1 for 6 hr and then treated with or without

MPTOEOQ28 for 12 hr. (B) Western blot showing that overexpressing NRP1 reversed the

inhibition of phosphorylated Erk1/2 and Akt induced by MPTOEO028. (C) Crystal violet

assay. Left panel, MPTOE028 concentration dependently inhibited cell proliferation

after 72 hr incubation. Right panel, HUVECs transfected with hEGFP-N1-hNRP1m

increased cell proliferation after treatment with MPTOEOQ28 for 72 hr. Data represent the

mean + SEM from three independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001

compared with the control group.
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Figure 10. MPTOEO028 induced the acetylation of Spl1.

HUVECSs were treated without or with 1 uM MPTOEO028 for 24 hr. Cells were harvested
and whole-cells extracts were immunoprecipitated (IP) with antibodies against Sp1. Left
panel, whole-cell extracts were probed using antibodies against Spl and
pan-acetyl-lysine. Right panel, immunoprecipitated proteins were also probed by using

antibodies against Spl and pan-acetyl-lysine. IgG serves as a negative control.
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Figure 11. MPTOEO028 reduced capillary formation in Matrigel plug assay.

(A) Nude mice were injected subcutaneously with matrigel mixed without (control,
CTL) or with MPTOE028 (1 uM and 10 puM) or oral (p.o.) administration with
MPTOEO28 (10 and 20 mg/kg/d). Martrigel plugs were excised from the mice after a
week and photographed. Sections of Trichrome and H&E stained matrigel plugs were
examined by light microscopy. (B) Quantification of the hemoglobin contents of
matrigel plugs by spectrophotometer were measured at 540 nm. 100% = OD. Data

represent the mean £ SEM.
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Figure 12. Anti-cancer activity of MPTOE028 in human triple negative breast
cancer MDA-MB-231 xenograft model.

(A) Effect of MPTOEO028 on the growth of MDA-MB-231 breast tumor xeograft in
BALB/c nude mice. 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 1/2 x length x width®. (B) Body weight (g) of the mice. Each value
represents the mean of at least five animals. *P < 0.05. (C) Western blot analysis of

ac-histone 3, ac-a-tubulin and NRP1 expression in tumor tissue.

95



'MPTOE028

CeII membrane

GO0/G1 arrest
\

angiogenesis

Figure 13. Schematic overview of MPTOEOQ28 affected signaling pathways.

96



Time (hr) Basal 6 12 18 24 36

2N T LA L L

p-Erk1/2 -4 =% LR -

—
practin | e = e oo e ww S - o oo -
MPTOE028 (1uM) - - + - + - + - + - +
EGM-2

Supplementary Figure. Inhibition of EGFR expression by MPTOE028.

97



340

Alenghat T, Artis D (2014). Epigenomic regulation of host-microbiota interactions.
Trends in immunology 35(11): 518-525.

Algire GH, Chalkley HW, Earle WE, Legallais FY, Park HD, Shelton E, et al. (1950).
Vascular reactions of normal and malignant tissues in vivo. Ill. Vascular reactions' of
mice to fibroblasts treated in vitro with methylcholanthrene. Journal of the National
Cancer Institute 11(3): 555-580.

Bader AG, Kang S, Zhao L, Vogt PK (2005). Oncogenic PI3K deregulates transcription
and translation. Nature reviews. Cancer 5(12): 921-929.

Bancroft CC, Chen Z, Yeh J, Sunwoo JB, Yeh NT, Jackson S, et al. (2002). Effects of
pharmacologic antagonists of epidermal growth factor receptor, PI3K and MEK signal
kinases on NF-kappaB and AP-1 activation and IL-8 and VEGF expression in human
head and neck squamous cell carcinoma lines. International journal of cancer. Journal
international du cancer 99(4): 538-548.

Beltran H, Kaur G, de Espana CG, Tagawa ST (2014). Exploring the role of
anti-angiogenic therapies in prostate cancer: results from the phase 3 trial of sunitinib.
Asian journal of andrology 16(4): 568-5609.

Bird A (2007). Perceptions of epigenetics. Nature 447(7143): 396-398.

Burris HA, 3rd (2013). Overcoming acquired resistance to anticancer therapy: focus on
the PI3K/AKT/mTOR pathway. Cancer chemotherapy and pharmacology 71(4):
829-842.

Carmeliet P (2003). Angiogenesis in health and disease. Nat Med 9(6): 653-660.

Carracedo A, Pandolfi PP (2008). The PTEN-PI3K pathway: of feedbacks and
cross-talks. Oncogene 27(41): 5527-5541.

Chambard J-C, Lefloch R, Pouysségur J, Lenormand P (2007). ERK implication in cell
cycle regulation. Biochimica et Biophysica Acta (BBA) - Molecular Cell Research

1773(8): 1299-1310.
98



Chen C-H, Chen M-C, Wang J-C, Tsai A-C, Chen C-S, Liou J-P, et al. (2014).
Synergistic Interaction between the HDAC Inhibitor, MPTOE028, and Sorafenib in
Liver Cancer Cells In Vitro and In Vivo. Clinical cancer research : an official journal of
the American Association for Cancer Research 20(5): 1274-1287.

Chen MC, Chen CH, Wang JC, Tsai AC, Liou JP, Pan SL, et al. (2013). The HDAC
inhibitor, MPTOE028, enhances erlotinib-induced cell death in EGFR-TKI-resistant
NSCLC cells. Cell Death & Disease 4(9): e810.

Choi HS, Lee JH, Park JG, Lee YI (2002). Trichostatin A, a histone deacetylase
inhibitor, activates the IGFBP-3 promoter by upregulating Spl activity in hepatoma
cells: alteration of the Spl/Sp3/HDAC1 multiprotein complex. Biochemical and
biophysical research communications 296(4): 1005-1012.

Coleman ML, Marshall CJ, Olson MF (2004). RAS and RHO GTPases in G1-phase
cell-cycle regulation. Nature reviews. Molecular cell biology 5(5): 355-366.

De Souza A, Daly KP (2015). Safety and Efficacy of Combined Yttrium 90 Resin
Radioembolization with Aflibercept and FOLFIRI in a Patient with Metastatic
Colorectal Cancer. 2015: 461823.

Doetzlhofer A, Rotheneder H, Lagger G, Koranda M, Kurtev V, Brosch G, et al. (1999).
Histone deacetylase 1 can repress transcription by binding to Spl. Molecular and
cellular biology 19(8): 5504-5511.

Dormond O, Foletti A, Paroz C, Ruegg C (2001). NSAIDs inhibit alpha V beta 3
integrin-mediated and Cdc42/Rac-dependent endothelial-cell spreading, migration and
angiogenesis. Nat Med 7(9): 1041-1047.

Ellis L, Hammers H, Pili R (2009). Targeting tumor angiogenesis with histone
deacetylase inhibitors. Cancer Lett 280(2): 145-153.

Engelman JA, Luo J, Cantley LC (2006). The evolution of phosphatidylinositol
3-kinases as regulators of growth and metabolism. Nature reviews. Genetics 7(8):
606-619.

Fantin A, Schwarz Q, Davidson K, Normando EM, Denti L, Ruhrberg C (2011). The

cytoplasmic domain of neuropilin 1 is dispensable for angiogenesis, but promotes the
99



spatial separation of retinal arteries and veins. Development (Cambridge, England)
138(19): 4185-4191.

Fantin A, Vieira JM, Gestri G, Denti L, Schwarz Q, Prykhozhij S, et al. (2010). Tissue
macrophages act as cellular chaperones for vascular anastomosis downstream of
VEGF-mediated endothelial tip cell induction. Blood 116(5): 829-840.

Fantin A, Vieira JM, Plein A, Denti L, Fruttiger M, Pollard JW, et al. (2013). NRP1 acts
cell autonomously in endothelium to promote tip cell function during sprouting
angiogenesis. Blood 121(12): 2352-2362.

Folkman J (1971). Tumor angiogenesis: therapeutic implications. The New England
journal of medicine 285(21): 1182-1186.

Folkman J (1996a). Fighting cancer by attacking its blood supply. Scientific American
275(3): 150-154.

Folkman J (1996b). New perspectives in clinical oncology from angiogenesis research.
European journal of cancer (Oxford, England : 1990) 32a(14): 2534-2539.

Folkman J (2006). Angiogenesis. Annual review of medicine 57: 1-18.

Gelfand MV, Hagan N, Tata A, Oh WJ, Lacoste B, Kang KT, et al. (2014). Neuropilin-1
functions as a VEGFR2 co-receptor to guide developmental angiogenesis independent
of ligand binding. eLife 3: e03720.

Glozak MA, Sengupta N, Zhang X, Seto E (2005). Acetylation and deacetylation of
non-histone proteins. Gene 363: 15-23.

Goffin JR, Anderson IC, Supko JG, Eder JP, Jr., Shapiro Gl, Lynch TJ, et al. (2005).
Phase | trial of the matrix metalloproteinase inhibitor marimastat combined with
carboplatin and paclitaxel in patients with advanced non-small cell lung cancer. Clinical
cancer research : an official journal of the American Association for Cancer Research
11(9): 3417-3424.

Graupera M, Guillermet-Guibert J, Foukas LC, Phng LK, Cain RJ, Salpekar A, et al.
(2008). Angiogenesis selectively requires the pll0alpha isoform of PI3K to control

endothelial cell migration. Nature 453(7195): 662-666.
100



Greenblatt M, Shubi P (1968). Tumor angiogenesis: transfilter diffusion studies in the
hamster by the transparent chamber technique. Journal of the National Cancer Institute
41(1): 111-124.

Guba M, von Breitenbuch P, Steinbauer M, Koehl G, Flegel S, Hornung M, et al. (2002).
Rapamycin inhibits primary and metastatic tumor growth by antiangiogenesis:
involvement of vascular endothelial growth factor. Nat Med 8(2): 128-135.

Hajji N, Joseph B (2010). Epigenetic regulation of cell life and death decisions and
deregulation in cancer. Essays in biochemistry 48(1): 121-146.

Han Y, Jeong HM, Jin YH, Kim YJ, Jeong HG, Yeo CY, et al. (2009). Acetylation of
histone deacetylase 6 by p300 attenuates its deacetylase activity. Biochemical and
biophysical research communications 383(1): 88-92.

Hansen JC (2012). Human mitotic chromosome structure: what happened to the 30-nm
fibre? The EMBO journal 31(7): 1621-1623.

Hayne C, Tzivion G, Luo Z (2000). Raf-1/MEK/MAPK pathway is necessary for the
G2/M transition induced by nocodazole. The Journal of biological chemistry 275(41):
31876-31882.

Herrup K, Yang Y (2007). Cell cycle regulation in the postmitotic neuron: oxymoron or
new biology? Nat Rev Neurosci 8(5): 368-378.

Herzog B, Pellet-Many C, Britton G, Hartzoulakis B, Zachary IC (2011). VEGF binding
to NRP1 is essential for VEGF stimulation of endothelial cell migration, complex
formation between NRP1 and VEGFRZ2, and signaling via FAK Tyr407 phosphorylation.
Molecular Biology of the Cell 22(15): 2766-2776.

Hillen F, Griffioen A (2007). Tumour vascularization: sprouting angiogenesis and
beyond. Cancer Metastasis Rev 26(3-4): 489-502.

Hoffmann K, Ganten T, Gotthardtp D, Radeleff B, Settmacher U, Kollmar O, et al.
(2015). Impact of neo-adjuvant Sorafenib treatment on liver transplantation in HCC
patients - a prospective, randomized, double-blind, phase Il trial. BMC cancer 15(1):
392.

101



Huang H-L, Lee H-Y, Tsai A-C, Peng C-Y, Lai M-J, Wang J-C, et al. (2012). Anticancer
Activity of MPTOEO28, a Novel Potent Histone Deacetylase Inhibitor, in Human
Colorectal Cancer HCT116 Cells <italic>In Vitro</italic> and <italic>In Vivo</italic>.
PL0S ONE 7(8): e43645.

Huang HL, Peng CY, Lai MJ, Chen CH, Lee HY, Wang JC, et al. (2014). Novel oral
histone deacetylase inhibitor, MPTOE028, displays potent growth-inhibitory activity
against human B-cell lymphoma in vitro and in vivo. Oncotarget.

Huang SM, Li J, Armstrong EA, Harari PM (2002). Modulation of radiation response
and tumor-induced angiogenesis after epidermal growth factor receptor inhibition by
ZD1839 (lIressa). Cancer research 62(15): 4300-4306.

Ide AG B, N.H. & Warren, S.L. (1939). Vascularization of the Brown Pearce rabbit
epithelioma transplant as seen in the transparent ear chamber. Am. J. Roentgenol 42:
891-899.

Issbrucker K, Marti HH, Hippenstiel S, Springmann G, Voswinckel R, Gaumann A, et al.
(2003). p38 MAP kinase--a molecular switch between VEGF-induced angiogenesis and
vascular hyperpermeability. FASEB journal : official publication of the Federation of
American Societies for Experimental Biology 17(2): 262-264.

Jeon YW, Ahn YE, Chung WS, Choi HJ, Suh YJ (2015). Synergistic effect between
celecoxib and luteolin is dependent on estrogen receptor in human breast cancer cells.
Tumour biology : the journal of the International Society for Oncodevelopmental
Biology and Medicine.

Jiang BH, Jiang G, Zheng JZ, Lu Z, Hunter T, Vogt PK (2001). Phosphatidylinositol
3-kinase signaling controls levels of hypoxia-inducible factor 1. Cell growth &
differentiation : the molecular biology journal of the American Association for Cancer
Research 12(7): 363-369.

Karar J, Maity A (2011). PIBK/AKT/mTOR Pathway in Angiogenesis. Frontiers in
molecular neuroscience 4: 51.

Khan O, La Thangue NB (2012). HDAC inhibitors in cancer biology: emerging
mechanisms and clinical applications. Immunology and cell biology 90(1): 85-94.

102



Kim SH, Jeong JW, Park JA, Lee JW, Seo JH, Jung BK, et al. (2007). Regulation of the
HIF-1alpha stability by histone deacetylases. Oncology reports 17(3): 647-651.

Kitsukawa T, Shimono A, Kawakami A, Kondoh H, Fujisawa H (1995). Overexpression
of a membrane protein, neuropilin, in chimeric mice causes anomalies in the
cardiovascular system, nervous system and limbs. Development (Cambridge, England)
121(12): 4309-4318.

Kordes S, Klumpen HJ, Weterman MJ, Schellens JH, Richel DJ, Wilmink JW (2015).
Phase Il study of capecitabine and the oral mTOR inhibitor everolimus in patients with
advanced pancreatic cancer. Cancer chemotherapy and pharmacology.

Kumar P, Tripathi S, Pandey KN (2014). Histone deacetylase inhibitors modulate the
transcriptional regulation of guanylyl cyclase/natriuretic peptide receptor-a gene:
interactive roles of modified histones, histone acetyltransferase, p300, AND Spl. The
Journal of biological chemistry 289(10): 6991-7002.

Lamalice L, Le Boeuf F, Huot J (2007). Endothelial cell migration during angiogenesis.
Circulation research 100(6): 782-794.

Lara PN, Jr., Stadler WM, Longmate J, Quinn DI, Wexler J, Van Loan M, et al. (2006).
A randomized phase Il trial of the matrix metalloproteinase inhibitor BMS-275291 in
hormone-refractory prostate cancer patients with bone metastases. Clinical cancer
research : an official journal of the American Association for Cancer Research 12(5):
1556-1563.

Leow CC, Coffman K, Inigo I, Breen S, Czapiga M, Soukharev S, et al. (2012).
MEDI3617, a human anti-angiopoietin 2 monoclonal antibody, inhibits angiogenesis
and tumor growth in human tumor xenograft models. International journal of oncology
40(5): 1321-1330.

Ley AM, Chau CH, Figg WD (2015). Structural studies reveal thalidomide's mechanism
of action and clinical effects: crystal clear or clearly complexed? Cancer biology &
therapy 16(1): 19-20.

Liu Y, Shepherd EG, Nelin LD (2007). MAPK phosphatases--regulating the immune
response. Nature reviews. Immunology 7(3): 202-212.

103



Locati LD, Licitra L, Agate L, Ou SH, Boucher A, Jarzab B, et al. (2014). Treatment of
advanced  thyroid  cancer  with  axitinib: Phase 2  study  with
pharmacokinetic/pharmacodynamic and quality-of-life assessments. Cancer 120(17):
2694-2703.

Lundberg AS, Weinberg RA (1998). Functional inactivation of the retinoblastoma
protein requires sequential modification by at least two distinct cyclin-cdk complexes.
Molecular and cellular biology 18(2): 753-761.

Ma J, Guo X, Zhang S, Liu H, Lu J, Dong Z, et al. (2015). Trichostatin A, a histone
deacetylase inhibitor, suppresses proliferation and promotes apoptosis of esophageal
squamous cell lines. Molecular medicine reports 11(6): 4525-4531.

Maeshima Y, Sudhakar A, Lively JC, Ueki K, Kharbanda S, Kahn CR, et al. (2002).
Tumstatin, an endothelial cell-specific inhibitor of protein synthesis. Science (New York,
N.Y.) 295(5552): 140-143.

Maity A, Pore N, Lee J, Solomon D, O'Rourke DM (2000). Epidermal growth factor
receptor transcriptionally up-regulates vascular endothelial growth factor expression in
human glioblastoma cells via a pathway involving phosphatidylinositol 3'-kinase and
distinct from that induced by hypoxia. Cancer research 60(20): 5879-5886.

Manning BD, Cantley LC (2003). Rheb fills a GAP between TSC and TOR. Trends in
biochemical sciences 28(11): 573-576.

Marchetti C, Gasparri ML, Ruscito I, Palaia I, Perniola G, Carrone A, et al. (2015).
Advances in anti-angiogenic agents for ovarian cancer treatment: The role of trebananib
(AMG 386). Critical reviews in oncology/hematology.

Marks PA, Breslow R (2007). Dimethyl sulfoxide to vorinostat: development of this
histone deacetylase inhibitor as an anticancer drug. Nat Biotech 25(1): 84-90.

Mavria G, Vercoulen Y, Yeo M, Paterson H, Karasarides M, Marais R, et al. (2006).
ERK-MAPK signaling opposes Rho-kinase to promote endothelial cell survival and
sprouting during angiogenesis. Cancer Cell 9(1): 33-44.

Mebratu Y, Tesfaigzi Y (2009). How ERK1/2 activation controls cell proliferation and

cell death: Is subcellular localization the answer? Cell cycle (Georgetown, Tex.) 8(8):
104



1168-1175.

Morales-Ruiz M, Fulton D, Sowa G, Languino LR, Fujio Y, Walsh K, et al. (2000).
Vascular endothelial growth factor-stimulated actin reorganization and migration of
endothelial cells is regulated via the serine/threonine kinase Akt. Circulation research
86(8): 892-896.

Mosmann T (1983). Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays. Journal of immunological methods
65(1-2): 55-63.

Mudgett JS, Ding J, Guh-Siesel L, Chartrain NA, Yang L, Gopal S, et al. (2000).
Essential role for p38alpha mitogen-activated protein kinase in placental angiogenesis.
Proceedings of the National Academy of Sciences of the United States of America
97(19): 10454-10459.

Muehlbauer PM (2003). Anti-angiogenesis in cancer therapy. Seminars in oncology
nursing 19(3): 180-192.

Musgrove EA, Caldon CE, Barraclough J, Stone A, Sutherland RL (2011). Cyclin D as
a therapeutic target in cancer. Nature reviews. Cancer 11(8): 558-572.

Narasimha AM, Kaulich M, Shapiro GS, Choi YJ, Sicinski P, Dowdy SF (2014). Cyclin
D activates the Rb tumor suppressor by mono-phosphorylation. eLife 3.

Nelson AR, Fingleton B, Rothenberg ML, Matrisian LM (2000). Matrix
metalloproteinases: biologic activity and clinical implications. Journal of clinical
oncology : official journal of the American Society of Clinical Oncology 18(5):
1135-1149.

Nelson NJ (1998). Inhibitors of angiogenesis enter phase Ill testing. Journal of the
National Cancer Institute 90(13): 960-963.

Olsson AK, Dimberg A, Kreuger J, Claesson-Welsh L (2006). VEGF receptor signalling
- in control of vascular function. Nature reviews. Molecular cell biology 7(5): 359-371.

Polivka J, Jr, Janku F (2014). Molecular targets for cancer therapy in the

PISBK/AKT/mTOR pathway. Pharmacology & therapeutics 142(2): 164-175.
105



Pore N, Jiang Z, Gupta A, Cerniglia G, Kao GD, Maity A (2006). EGFR tyrosine kinase
inhibitors  decrease = VEGF expression by both hypoxia-inducible factor
(HIF)-1-independent and HIF-1-dependent mechanisms. Cancer research 66(6):
3197-3204.

Potente M, Gerhardt H, Carmeliet P (2011). Basic and therapeutic aspects of
angiogenesis. Cell 146(6): 873-887.

Primo L, di Blasio L, Roca C, Droetto S, Piva R, Schaffhausen B, et al. (2007).
Essential role of PDK1 in regulating endothelial cell migration. The Journal of cell
biology 176(7): 1035-1047.

Qian DZ, Kachhap SK, Collis SJ, Verheul HM, Carducci MA, Atadja P, et al. (2006).
Class Il histone deacetylases are associated with VHL-independent regulation of
hypoxia-inducible factor 1 alpha. Cancer research 66(17): 8814-8821.

Qian DZ, Wang X, Kachhap SK, Kato Y, Wei Y, Zhang L, et al. (2004). The histone
deacetylase inhibitor NVP-LAQ824 inhibits angiogenesis and has a greater antitumor
effect in combination with the vascular endothelial growth factor receptor tyrosine
kinase inhibitor PTK787/2K222584. Cancer research 64(18): 6626-6634.

Raimondi C, Fantin A, Lampropoulou A, Denti L, Chikh A, Ruhrberg C (2014).
Imatinib inhibits VEGF-independent angiogenesis by targeting neuropilin 1-dependent
ABL1 activation in endothelial cells. The Journal of experimental medicine 211(6):
1167-1183.

Ribatti D (2007). The contribution of Harold F. Dvorak to the study of tumor
angiogenesis and stroma generation mechanisms. Endothelium : journal of endothelial
cell research 14(3): 131-135.

Richon VM (2006). Cancer biology: mechanism of antitumour action of vorinostat
(suberoylanilide hydroxamic acid), a novel histone deacetylase inhibitor. British Journal
of Cancer 95(Suppl 1): S2-S6.

Rossignol M, Pouyssegur J, Klagsbrun M (2003). Characterization of the neuropilin-1
promoter; gene expression is mediated by the transcription factor Spl. Journal of
cellular biochemistry 88(4): 744-757.

106



Salikhova A, Wang L, Lanahan AA, Liu M, Simons M, Leenders WP, et al. (2008).
Vascular endothelial growth factor and semaphorin induce neuropilin-1 endocytosis via
separate pathways. Circulation research 103(6): e71-79.

Sandhu C, Donovan J, Bhattacharya N, Stampfer M, Worland P, Slingerland J (2000).
Reduction of Cdc25A contributes to cyclin E1-Cdk2 inhibition at senescence in human
mammary epithelial cells. Oncogene 19(47): 5314-5323.

Schwarz Q, Ruhrberg C (2010). Neuropilin, you gotta let me know: should | stay or
should I go? Cell adhesion & migration 4(1): 61-66.

Sendur MA, Zengin N, Aksoy S, Altundag K (2014). Everolimus: a new hope for
patients with breast cancer. Current medical research and opinion 30(1): 75-87.

Shankar S, Srivastava RK (2008). Histone deacetylase inhibitors: mechanisms and
clinical significance in cancer: HDAC inhibitor-induced apoptosis. Advances in
experimental medicine and biology 615: 261-298.

Shepherd FA (2001). Angiogenesis inhibitors in the treatment of lung cancer. Lung
cancer (Amsterdam, Netherlands) 34 Suppl 3: S81-89.

Song H, Fares M, Maguire KR, Siden A, Potacova Z (2014). Cytotoxic effects of
tetracycline analogues (doxycycline, minocycline and COL-3) in acute myeloid
leukemia HL-60 cells. PLoS One 9(12): e114457.

Srinivasan R, Zabuawala T, Huang H, Zhang J, Gulati P, Fernandez S, et al. (2009).
Erkl and Erk2 regulate endothelial cell proliferation and migration during mouse
embryonic angiogenesis. PLoS One 4(12): e8283.

Toker A, Cantley LC (1997). Signalling through the lipid products of
phosphoinositide-3-OH kinase. Nature 387(6634): 673-676.

Verbridge SS, Chakrabarti A, DelNero P, Kwee B, Varner JD, Stroock AD, et al. (2013).
Physicochemical regulation of endothelial sprouting in a 3D microfluidic angiogenesis
model. Journal of biomedical materials research. Part A 101(10): 2948-2956.

Waby JS, Chirakkal H, Yu C, Griffiths GJ, Benson RS, Bingle CD, et al. (2010). Sp1
acetylation is associated with loss of DNA binding at promoters associated with cell

cycle arrest and cell death in a colon cell line. Molecular cancer 9: 275.
107



Waddington CH (2012). The epigenotype. 1942. International journal of epidemiology
41(1): 10-13.

Wang CY, Tsai AC, Peng CY, Chang YL, Lee KH, Teng CM, et al. (2012).
Dehydrocostuslactone suppresses angiogenesis in vitro and in vivo through inhibition of
Akt/GSK-3beta and mTOR signaling pathways. PL0S One 7(2): e31195.

Wang L, Mukhopadhyay D, Xu X (2006). C terminus of RGS-GAIP-interacting protein
conveys neuropilin-1-mediated signaling during angiogenesis. FASEB journal : official
publication of the Federation of American Societies for Experimental Biology 20(9):
1513-1515.

Wang TS, Lei W, Cui W, Wen P, Guo HF, Ding SG, et al. (2014). A meta-analysis of
bevacizumab combined with chemotherapy in the treatment of ovarian cancer. Indian
journal of cancer 51 Suppl 3: €95-98.

Warfel NA, EI-Deiry WS (2013). p21WAF1 and tumourigenesis: 20 years after. Current
opinion in oncology 25(1): 52-58.

Wedel SA, Sparatore A, Soldato PD, Al-Batran SE, Atmaca A, Juengel E, et al. (2008).
New histone deacetylase inhibitors as potential therapeutic tools for advanced prostate
carcinoma. Journal of cellular and molecular medicine 12(6a): 2457-2466.

Weis SM, Cheresh DA (2011). Tumor angiogenesis: molecular pathways and
therapeutic targets. Nat Med 17(11): 1359-1370.

West AC, Johnstone RW (2014). New and emerging HDAC inhibitors for cancer
treatment. The Journal of clinical investigation 124(1): 30-39.

Wong MK, Jonasch E, Pal SK, Signorovitch JE, Lin PL, Wang X, et al. (2015).
Prognostic factors for survival following initiation of second-line treatment with
everolimus for metastatic renal cell carcinoma: evidence from a nationwide sample of
clinical practice in the United States. Expert opinion on pharmacotherapy 16(6):
805-8109.

Wu P, Hu YZ (2010). PI3SK/Akt/mTOR pathway inhibitors in cancer: a perspective on
clinical progress. Current medicinal chemistry 17(35): 4326-4341.

Yu DC, Waby JS, Chirakkal H, Staton CA, Corfe BM (2010). Butyrate suppresses
108



expression of neuropilin | in colorectal cell lines through inhibition of Spl
transactivation. Molecular cancer 9: 276.

Zentner GE, Henikoff S (2013). Regulation of nucleosome dynamics by histone
modifications. Nature structural & molecular biology 20(3): 259-266.

109



