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Generation of polar marine organism—derived novel lead
substances and examination of precise activities
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SUMMARY

1. Title
Generation of polar marine organism—derived novel lead substances and
examination of precise activities

II. Purpose and Necessity of R&D
Development of useful medicinal substance through screening novel metabolites
from polar marine organisms

III. Contents and Extent of R&D

For the identification of precise activities and molecular mechanisms of previously
secured, polar organism—derived metabolites, 3 experimental systems were
analyzed. The physiological activities of previously secured metabolites were
examined for cytotoxicity in glioblastoma (GBM) cells. The physiological activities
of previously secured metabolites were examined for cytotoxicity and cell
differentiation in acute promyelocytic leukemia (APL) cells. The physiological
activities of previously secured metabolites were examined for cell differentiation
and metabolic regulation in pre—osteoblast cells.

Screening for novel physiologically active substances derived from polar marine
organisms were also performed in 2 experimental systems. Screening for novel
physiologically active substances that enhance cyctotoxicity were examined in
GBM and APL cell systems.

IV. R&D Results

Identification of precise activities and molecular mechanisms of previously secured,
polar organism—derived metabolites were studied in 4 experimental systems.
Enhanced sensitivity to anti—cancer drug (TMZ) by concomitant treatment with
lobarstin was observed in GBM cells and reduced DNA repair by inhibition of DNA
repair gene expression were suggested as a molecular mechanism. Reduced in
vitro metastasis was seen by lobarstin treatment in GBM cells and inhibition of
small GTPase expression, F—actin formation, MMP2 gene expression and activity,
and invadopodia formation were suggested as molecular mechanisms. Enhanced
sensitivity to anti—cancer drug (ATO) was seen by concomitant treatment with
lobarstin or M11A salt in APL cells and enhanced autophagy—mediated apoptosis
was suggested as its molecular mechanism. Finally, physiological activities of
M11A salt or lobarstin in osteoblasts were examines. Drug effects on cell
differentiation, cytotoxicity, Insulin metabolism, and improvement of insulin
resistance were examined.

Screening for polar, marine organism—derived novel physiologically active
substances were examined with extract fractions of marine microbes collected
from Ross Sea in 2013. Cytotoxicity activity was screened in GBM and APL cells
but no fraction had shown significant cytotoxicity.

V. Application Plans of R&D Results
During this study, 1 patent application, 1 research article publication, and 3 poster
presentations at International Meetings have been completed. Two patent
application and 2 research articles are in preparation.



Al

Al

Al

Al

Al

A

Al

751

751



H1E ME

L Arde] =3
= A8HAs e vEA A 9 E871s T (K-POD)" AR W 7K 9
SupAl F ehbm AT 34 A dAY AL B 58 g AN £

#HEEREE ok (Fig. 1).

AAH §8 AEAL O AW Fuggel Ashnd weh SARA ARA
Fusb AFAAY Pt FARA FAAT Azl AYATFA “obhe” 1
GRIN A" el FA APYE AT BHAE AT o] THE o]tk

2, TER FAQT Qs BESto] B4 FA APPE Fef A ke
Fu3ta BEAT NHTES Ftol SAHIYTEAY el )olstag Fk.

Ao FHost a8 7MA £ glovg Aok paradigmol =350
Bz st 53], 2 E A= &4 oAl Y 8845 endpoint® SRR Aok
Z O

kel WMWY E HiE Zo] Egsitga Algdr durrog Alok/ful(de novo drug
| Y2 Ay gEo| a7 A|Fko] AQFHo] HIT = V]

+ repositioning =+ repurposing®] WFE
13

development) & s
ol g kAo A =Z
ATH, 2]. ol¥ ol =2 eed thFo Aokt = repositioning/ repurposing->

& AL Q1E RS0 Ths gt vt A Aok
Hel =3 e AAAR R

H
oM Xstet EAolnR, A=A WsHA] X3k At

=
>
=2
2
2l

o
i,
£
I
V)
-
e
off
i)
)
2
=
>

u

o

3t

& vy ohjet 558 Yoy
-1

} E

AAE AT QS FFsol

ohoole] & gIEwAE WA olehe el BAlE AW APVE Aol RHEY B/
ASHFE/ AR FEe AT W Aste] AFE FAuA ALAYE (Fig,
2).

T 59 AFVIZE T ofeb3 9 HAle 2xabd el A2
azggo] MAE 77 G 717ko] s (mEE 23 dE, &
JRE AzEgo] 7bed Row oastgl oy AAR e A4
Q1 2015.039D) 7] Wil 7GR tAAE o] &3 A% A T 71ER At
A= F= AYF Fd PTP-1B (GenBank F3A4& PTPND O 4 oAA|el
lobaric acid FEAZ FAFIH (I EAEFET, JAAZFFNIEY)I oA 2HdaHE

endpoint® &A& et A Ad3skd (Fig. 3).

I
i
3@
=
it
2
=
S
>,
Y
1o
>~

ol ATHSIE Qokskd ot 1¥l ¥ ) (Fig. 4).



2 e
RIS UM Blue OceanF
S0 N7 HANES NS

[QUME EHAN 2 M THALY 278 52
o1X Y E YO UH)|S8 PH

el

IO g R SXIKQ “IXIH0IR"
2 2 2IPEEI N0 XN E
DIMXIZE AL UL

(R25f O|2HRI L EPAF U 27|12 Tl (K-POD)
AreiLg e ol

- 3

[ PIEfItN o] 25 H]

[Fig. 1. Aim of this study related to the main project, Korea—Polar Ocean
Development]



Ag

17

L
=
o
5
5,
-
o
s

154

(Source : D Bain dnug econoics mode, 2003
D BN LVFF ARD STARL2007)

CHARM| 2 =it
(52 U B

" Au M “ofaten
s QS EHA}
(2013)

MS?|8t Library T+5
(& W EtatH)

[Fig. 2. The scope of the current project, related to development of novel

metabolites. Upper figure is from [3]]



7|2t E CHALH|
« Lobaric acid S &4

« PTP-1B Y H|H|

o
=]
Q COH
HO ‘OH
Civie

Chemical Formula: Cz5H3p04
Molecular Weight: 474.5

o
O—
B I§°‘
HO OH
OMe

Chemical Formula: CpcHz00g
Molecular Weight: 456.49

[Fig. 3. The scope

metabolite]

DENES
(GBM)Of| A 2]

getaat

« GBMO AL M E=Y

SHHEBLYHY

(APL)OI {2

f24 g=an
+ APLOJ MOl NE =4
« APLOJ A2l M= E =}

ZCHA
(bone metabolism)
Mol =E =t
=DM =Ll M=ZE2}t
o SNl Ol CHAL

=

of the current project, related to

_10_

previously secured



SEatH W ErA T

at & F
(GBM)
7|2t EL CHARA] . ZHEZS

(LOE,EE”;{GCH & (APL)
T

2oz

==

(osteoblast)

[Fig. 4. Summary of the scope of the current project]




HAFAA Y v JEAAOZIE S AP Y FAe Aol

SARE, AAAE ALY FRE g AYH, GFHINA, Foh T BEAT 5
52 B gAY ARALY Fush bseeh APATS 9% FREAY £E
o A o FuEA O Aetow oud 4 Yok AL AEA Y
o AFENES] AU 1EA 5 Bl i P AR ARANALY hAHA 5
& Azdets Wl AFgETh TR Aoke A AEAnsl fAA, A,
3 FrAS 53 B BAsE Pl

AA7HA Vg YEAAORTE ] Aok Al o, dET YEAL
ol B4, 58, 2400 UF S8l 1980001 5257] Az

Sl M o] v A e Ao gRE o Al A A=t 9 Vs

H
e ol AR @] BlAA Hek Aol

e AR gue astel Tl W BN (A%, FRD) A
g8 Fow da YEAY Fust s Aol
X 5

TAE FHOE AEF ol AAA A

gk Holr}
53 53 I A=A #- 55 74
E3 55 golsly] 99389 patent.ndslkrZ HE38ke] dolgo] A5 g o

W, A 719 =2 (((xarctic not (instrument* or equipment* or stimulator® or
device* or apparatu*)) and activ¥) or lobarstin) 2 M3t A3} ZA 75740] HM
otk AR 757e ddo] AES A #dEFH(EY £ 5F) 4372 £
T AT

olgAl AAE 437 #ARSIE H A JEoR 24

=)

Ashe obes ek

_12_




o

$elupet

17 w2,

= =
_IO

S R

(Fig. 5).

L
=

No
M

& 7F oAl g

v

Agw Yehd o g 5

Rl

&
)

Aol A A

ey

=

&7k 3lom, A

=

=

o el

i

=A%k

3, 2011

b E=F V1EdA

SAAA A 7T ATFFAD
e}

g

3

°p)”

=]
3ol

A

L

=
e
=

di

<
=

1871

ul o
=

o1

=LA 718 (

]

gl

3

9]
RS

)

v(’),
2}

A A 1-3

.

=i

s

3

I

ol

g8 a7 ¥

2]

-
R

[e)

1/3) 7 Y= A}

=
1t

[e)

8 QAR 374 A

WA AT Ak
5] AAE

ojiy

o

=

il

S,

fof @

I

A

=
=

H

_13_



=A S=AtE 2t S5 HE (S7HA171E)

—

198013 LK 199015 L} 200013 LK 20114 0=

— T 2 e s A O} A0 0 . 2 ——

=

=X S=AtE 2E S5l HE (d=AEE)

L -

<k 10 - ——
o
up 8 - i
[l
g H
4 [ |
2 1
] [
1] ] e
43320 YIUHIO w30 wI3Auge =Ie=
(HEF (HZF) X2

— T T O A0} 0TI 2 ——

[Fig. 5. Present state of polar, biological resources—related patents.
Upper plot, sorted by time of publication; lower plot, sorted by polar

organisms.]

_14_



2. FU ¢ ATHD

7} o B

M| 3% (glioblastoma, GBM)

GBM 321747419 ofw A (glial cell) @F 1 AFAEAA 7| ddh= A
ox Yo AASTFY Wl dinkre] sdst WA (white matter) ol 7Hg &3] ¥
. 29 FeE 8 A7 5 AR sete ]S WAtk 2 A=)
Ha oy H AEE] 14.670L0 =gk w9 NP Al FFoltH4].

X g AFE3l= °2FE<Ql temozolomide (TMZ) & alkylating agent®] &
O DNA &S5 #¥ste] HAZE A4, 510 DNA 3% {4
0°—methylguanine—DNA —methyltransferase (MGMT) o+ oFE- 9] A 3E
bioavailability S Z#&3%F= transporter (¢, P—glycoprotein) & w&do] &2 9 <F
of tist AFYE Holm=E Agd ¢ givte EAZE Aok AEE w9 Fob 671
progression—free survival (PFS) 15-21%°| 33l HF WEEE 2652 o 57}
=3] EgFst o dgto|ti[6-8].

o)

HE okzol st AdAdol i =3l ¢FE7] M (cancer stem cel) & 7]36}01
RS G E5= side population©] R E o], o] AxEZel @A AAE E 9Hx 9
7Fs/dol AAl =Yoo FAARQ A 5EAS 3] e dAsE 71AdTT e @A
olt}h[9, 10].

GBM< A7} &g 5}
et wlE Ebrj@oze] A
[e)

o] (metastasis) & & 4 %o <

Wl AAol S& Al AF AAT} ol
EEA G, FAZ St BHEA HAE R oA
Qo) oA SAl Aol o] Fas

{

oX
ik
&
Z
e |
of
b
(@)
[
5
-
<
)
>
i)}
)
=]
O
[
w
o)
o
c
@
]
a
>
=
 ©
o
A
o
=
o oo
o
U
5

A=
3z %741011*1 1f§} AHE Fe AER Qg %*é@%omnl]

(51 Z=5Al A o 7
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APL A =5E $I3F 352 #3224 (differentiation therapy)©o] Sl&=dl, ol ¢
BAoE mEst AHY dAEE FIAA de AEsks WHOE, APL Afol A
all—trans retinoic acid (ATRA)E Folsto] dAZE T (granulocyte) & F3HA|
Aozx &d 33 (complete remission; CR)E ©1& 4 th[12, 13]. Hx A& 3}
AAl ATRAE &5 Folatd 27] CRES 24 CR$ 5 Wl AP%EC] 40%°) °ol=
o, Oau'?—‘: retinoic acid syndrome ¢ H7tst F28% vEbdti= ZA7F o] 7Y

A7F Avk[14]. o]k 2L A9 o wme FEAer FIfelA Fal ol A

o]0 7l ¢ 9% leukemia—initiating cells (LICs leukemic stem cells,
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leukemia—repopulating cells 5225 B 7|Ae= Aoz AZHERE  2EQ
© A= 28 F3aH Qe LIC7HA AAE 5 e A5 7o) 2l

A A 2] surrogate marker® retinoid acid receptor alpha (RARA) ©¥z E3|=E o
got71= @v[15] (Fig. 6).

ol9} 2 A7 AHEs FHSH] Y3l ATRAS WEF7F 7Msd HEAEA
o] sidte]l &ubstd], A w|= AlE ook (FDA) 9 $9g e XgHOoZ 3stey
(CT)3} arsenic trioxide (ATO)7F AFEE a1 QO t; ARE-o] wl-$- Ask& o]l A XA

o] Hlw A Izo} JhAl 2] o= 7} QIrh[16].

Z A} (bone remodeling)

W= AE7-A ARoE 4
9 opekst xR A EY, dAF R
v, H 22T diAtel #osteE 5 U] 7)Y ﬁEHJ 715
o MEAE F UEA F Axes ME Mol FRAZ(ZEAZgIE YT,
osteoblast) &} W& 33| 3}= I} A X (osteoclast) o], ©] F 7FA] M xS A
A7 T3l W FEFo] 2EETH[18].

natst AE e ERAEZE St sk K1 EAHA Z2470 (collagen) T2 Al

A R osteoid), 9 TH Sl BRL 214 4
o Al YA olfi FxA

H
R
=

EZ71A S skl of 7)o F71A Aol HASEE sho] wol S FZst
[19]. 28y FRAEX E3l7F 1aso UJrE‘r osteoprotegrin (OPG), RANKL % 9]
WS FH|sto] gtEAEe] w3tE A4S ule Just 7ol EAjsH, o] F Al

]l

o oJ&f e 22 2A¥ (bone remodehng)O] Ay 20, 211 (Fig. 7).
=3t 2% WHsh, ks Toll g8l olyst At dgs] dojubA] Eet
(osteopenia), &=TtH& % (osteoporosis) ¢ dojd 4 3l

SA s f% AT @] REdEa lok[22]. |
Zth¥5 A5 A4¢ bisphosphonate: A X2 H3E o =
(23, 24]. 2¥22 E3420 =43 A5A /NS A Z=Ax] FF=AEe 7
st 2E71AE olslsta, ¥ 9?%-‘”4 galo] @ FE T},
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[Fig. 6. Summary of APL therapeutic mechanisms.
. Each

differentiation; Right arm, therapy mediated by elimination of LICs

arm utilizes ATRA and ATO, respectively.]
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[Fig. 7. Bone remodeling mediated by the actions of osteoblasts and
osteoclasts [22]]
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Mo, FRAET ML go] FAT W Folste] vherel Aln 3
5|

2. A3 Wy
7F Al ek
2 Ao A AFE S AIEF= BF American Type Culture Collection (ATCC) ]l
A FHE5SR 3, N AEFE U2 2o GBM AESFE MGMT —positive 8o &
A9l alkylating agent (o], temozolomide, TMZ)°l o3t AFFS 713 QAL
g MEZFQ TI’G ¢ MGMT —negative 3] &<FAIQl alkylating agentel ok W7k
e 7FA Al f#l AEFQ USTMGE ARE3t. APL MX5=2+= translocation
of ¢]% PML-RARA fusion proteing &3l JAAY il AMEFEA FOB
classification 4 AML % Ma3e°l| al@3sti= NB4E AFESty. ZEAMXET+= mouse
neonate?] FlZolA F@ldt pre—osteoblast AE]C] MC3T3-E1S A}&3tc},
AE ks flal Be AlEF= AEZF7] (34 375, humidified air, 5% COy)
AM A&, GBM AEF+= DMEM + 10% FBS, APL Al£5% RPMI-1640 +
10% FBS, &R AXF+E alpha—MEM (without ascorbic acid) + 10% FBSo| 4
=

L AlESAG ATEH

okt Ao R MAEsAS F4%kt. Cell viability assay (Cell proliferation
assay T WST-8 assay#til: EdThH & 93] water—soluble tetrazolium A}-§-3}
= kit AFESHH, 9 59 AEE 96—well plate©l seeding & w7]A<1(3~4 days)
oFEA]g] &Y FATY. Assay kit® EZ—Cytox (DoGen) & AF£-3tt},

Colony formation assayv 974 ¢ A3EE 6-well plaeel seeding & 714l
(2~3 weeks) FaAg a5 AAsttt. J4JE colony+ crystal violetO = A3}t
o] Attt

LDH assayv &49 AEZ2ZFH wigdoz ey LDHO @45 Sk A

1

grlior dA o AE seeding ¥ oFEAE il 3~4Y F HgAE AEXE
=

AFE-SHTY
Trypan blue 92 3 A43sl= HHS exlusion dye®l trypan blue? A4S &
AlgH L, trypan blue® MXE QAEE= F2 AEZREE Algete] sAaHE %
Ea=g

Xenograft assay+ in vivo FE|NA S AEEZHS AT
immunodeficient mice®] U87MG=Z xenograft 43 & wd 35

o)
tumor volume¥ body weightE® Z743}3, sacrifice & tumor #8]3}%] tumor

»

=

o o
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g},

weight 5743t =3} s}

RT-PCR ¥ qPCR

e #a4 BdS mRNA FEolA ZZst7] fldl =33 RNA= Trizol
(Invitrogen) & AFE3Fe] #g3t % M-MLV Reverse Transcriptase (Elpis
Biotech) 2 c¢DNAE A%ttt RT-PCRS HiPi Plus Thermostable DNA
Polymerase (Elpis Biotech)ES A}F£3l3, qPCRE SYBR Green master mix

(Bio—Rad) A}-&-3tc}.

W B3¥ (immunoblotting)

thekst A wds @A ol Aty 98 st AlEE RIPA
buffer® lysisér % soluble fractiongs #83}%] cell lysate®Z AFE3hH,
SDS-PAGE ¥ nitrocellulose membrane®l transfer, %43t primary, secondary

antibody® &%l % enhanced chemiluminescence® 7 =73tt}.

. Alkaline comet assay

Comet assay kit (Trevigen)& AFg£3}o] alkaline AEjoll A AEZE A3t & A
719% ANA FBv|HOE image ¥ETF Imager: 4] software?l Comet Assay
IV v4.3 (Perceptive Instruments)® 2]3}%] genomic DNAZ} &% Axe] Hl&
S Atk ARg-sho

Apoptosis assay

theFsl WH O R apoptosis assays ettt 7HF hdkelal Al wWH o
genomic DNAE 2|3 £ agarose gelel| d7]%9 539 laddering patterns X.0]
apoptosis7t dold 7hsAo] Sl AoE Fesiry

AISEE DAPIEZ AASH & uwl& FFAv A imageolA o] /X M2E AT
st QA AE F apoptosis7t Aol AlEe] &S AFL & AUTh

TUNEL assayE %3] apoptosisE& A3} & 4= ¢l+=d], TUNEL Apoptosis
Detection Kit (EMD Millipore) & AR&3t AR A 2AFS] protocols WET

PI staining/flow cytometryS %3 apoptosisE AHEET 4+ Ju}. AL 14 =
PI (propidium iodide) 2 @23+ MAEZE flow cytometry® w243t0] sub—G1 A|3E9]
]S AAFSHA apoptotic cell®] H|&o

=

Apoptosis®] marker protein

-

AEXHOoRE #A4T F Stk 53], effector
caspase® #A3 #AAIT 4 Y=d, western blotting®Z cleaved PARP-1,

cleaved—Caspase 3 52 A3},
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Autophagy assay

Autophagy® ©efst markerE F&Fst= WS AFEstoh. tiE2 Q1 autophagy
marker?l p62/SQSTM1 ww =z o]}  post—translational modificationg 73
lipidation®] ¥ &®je] LC3 (LC3-1I) Wz ®3S western blottingS ©|£3}o
a8 71; BECN1 (Beclin) mRNAS] 23 W3S PCRE A3t} Autophagy 9
T o marker?l LC3 puncta® AFstAY, 44 F ©]%42 puncta®s 7Fx AEE]
H &3 7A4Fsto] autophagy7F X3 AlxEe] vlES AT + Sl=d, LC3 puncta=
anti—LC3 antibody® &3 23s}o] puncta 725 Holx= AXE gAtoz HASHy
HEEA] punctal] §1A7F 3 djel At ARt AlFdof stoh(ME &y AEA
punctax H GAE AL Al QEof s},

Autophagy™  autophagy inhibitorE o] &3l  #HATE S QlEd,
3—methyladenine (3MA)Y} chloroquine (CQ)E AEZZE A 3st & A7) marker=
LA gk

A2 E-3}

APL AEFS AEE3Z 55 ¢3] 1 M all—trans retinoic acid (ATRA)f=
72 NZF olAF Ay gttt B3 Wright—Geimsa &M == NBT assay® A &s7 1}t
w38 marker AR mRNAW @zl dbd S ZH2 RT—-PCRo|Y western blot
analysis® 7 &3t}

ZEAMYETFY MYERS FEE Y3 M¥EE 50 gg/ml ascorbic acid¥} organic
phosphateZ} 338  differentiation media (DM)ol] 7Y oA g3ttt H3l=
alkaline phosphatase® @4<& SAstAY 7714 I&s A sk alizarin red 94
S sttt B3} marker gene®® RUNXZ2, osteocalcin, collagen 1 9] gl&=4),

o]59] W3S RT-PCR, qPCR, western blot analysis 5% % #gFsit},

o)
=

2L

o] &4

in vitroollAl 7H Q1 W o w Shdo] A4S AldST o7t dojubr] flE Al
327t ol Fdfof sk, ME ol s 98 AlE=AC] WHel 9 WIE fFiste AsAdd
AA N A7 iy, invasionel #oIslk= invadopodia’t extracellular matrixs
3l 3l thekdlt & 4 (o), matrix metalloproteinases, MMPs) & FH]3tt}, o]Abe] 3}
=

ARske AL otdleh 2t

tlr

Scratch assay %+ wound healing assay®l =8¢ AW o2 A¥ol5S HA
& 4 Sl+=dl, confluentdtAl A&+ AEZE 559 (scratch) ¥ Fgte W=, dFAIZE
T A7 ol Fste] I Wl F3hE A BEE FEFS st

Aol go] FeIdhs FHA (o, CDC42, RHO, RAC %) 9 2&WH3}E qPCRoOIL}
western blot analysis® “d%38}il, cytoskeleton % F-—actin®] AAAE AL+
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FITC—phalloidin®. & @Aale] A2 o7 FA s}

Gelatin invadopodia assayt® @3 o2 9= gelatin®l invadopodia’} &3 o]
matrix g #allete Sl A EAE EHeHH gelatino] I EHA FFS o g
t dAAS 43 assay®A, EMD Millipore kitE AMg-3stc) A3t WS (%

=

degraded area) & A EXFE o] HA3 3ECZ plotting 3.

3. AT A
b AZ R RE(GBM) A 7181 tjAFAI Sl lobarstin®] &etA] W% A1
)

(1) 7] 54 2doA lobarstin® &}

Lobarstin (Fig. 8A) was treated in various doses for three days on T98G

f

7}

fol

glioblastoma cells. As seen in Fig. 8B, toxic effect of lobarstin in T98G
was seen at the concentration as low as 10 M (n=5, p=0.002,
Student’ s t—test). However, lobarstin had no effect on cell viability in
human normal fibroblast at 40 M (Fig. 8B; n=3, p=0.108, Student’ s
t—test). Because 40 M was toxic to T98G cells (n=b5, p=5.16E-05,
Student” s t—test) but was the highest tolerated dose in normal fibroblasts,
we used the concentration of 40 M as the treatment dose in further

experiments.

(2) @&7] AR doA lobarstin® TMZY W% A 73}

TMZ 1is used as a standard chemotherapeutic agent in glioblastoma, but it is
less effective in patients who express MGMT, a gene responsible for repairing
alkylation induced by TMZ at the O6 position of guanine, than those who do
not. We have chosen T98G cells to study the effect of lobarstin, because
MGMT 1is known to be expressed in the specific cell line (Fig. 9A), rendering
cells more resistant to TMZ. Statistically significant toxicity of TMZ was seen
in all conditions tested (Student’s t—test, not shown), but the toxicity was
more prominent at high doses of 500 and 750 puM (Fig. 9B). Intriguingly,
co—treatment of lobarstin with high doses of TMZ resulted in enhanced
toxicity (Fig. 9C). These results suggest that lobarstin treatment might have
enhanced the toxicity of TMZ.
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[Fig. 8. Chemical structure and cytotoxicity of lobarstin. (A) Chemical
structure of lobarstin. (B) Primary human fibroblasts (Normal) and T98G
(T98G) cells were tested for cell viability with lobarstin, as described in
Materials and methods. Cells were treated with indicated doses of
lobarstin for 72 h. L, lobarstin concentration (x M). Results are shown as
average of three (Normal) and five (T98G) independent

experiments with standard deviation as error bars.]
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[Fig. 9. Lobarstin potentiates the sensitivity of TMZ in MGMT —positive
T98G cells. (A) Expression of MGMT in T98G cells. Expression at the
mRNA (left panels, RT—PCR) and protein (right panels, Immunoblot)
levels were shown. MGMT —negative U87MG cells were used as
negative control for MGMT expression. GAPDH was used as loading
control. (B) Cytotoxicity of TMZ on T98G cells. T98G cells were
treated with the indicated doses of TMZ for 72 h or 96 h. (C) The
effect of concomitant treatment of lobarstin and TMZ on T98G cell
viability. Cells were treated with indicated combination of drugs for 72
h. T, TMZ concentration (xM); V, vehicle; L, 40 M lobarstin.
Student” s t—test, #*p<0.05, #*p<0.01. Results are shown as
representative (A) or average of three independent experiments with
standard deviation as error bars (B and C).]
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(3) @7] A9 lobarstin® DNA &A% 3% g3
Because TMZ is known to damage DNA by methylating guanine (at O6 and
N7 positions) and/or adenine (at N3 position) residues, we next quantified
DNA damage by the alkaline comet assay (Fig. 10). We first examined the
effect of lobarstin on DNA damage. Lobarstin—alone at 40 M for 26 h
had a minimal effect on DNA damage, as the tail intensity (TI) was similar
to that of vehicle—treated cells for 26 h (Fig. 10, L vs. V). We next
examined the effect of cotreatment on DNA damage, by treating T98G
cells with 500 M TMZ—alone, or with lobarstin for 2 h. Treatment time
of 2 h was chosen because both conditions showed similarextent DNA
lesion [Fig. 10, T(D) vs. LT(D)] and the time should be long enough to
induce DNA damage but short enough not to overlap with the DNA repair
system induced upon DNA damage [Fig. 10A; Damage(D)]. Therefore,
cells were washed after 2 h of drug treatment and incubated with fresh
culture medium to measure recovery from DNA damage [Fig. 10;
Recovery(R)]. When damaged cells were challenged with fresh medium for
24 h, the cells incubated with lobarstin—containing medium showed higher
TI than those with vehicle [Fig. 10, T(R) vs. LT(R)]. Using one—way
ANOVA to examine the group differences, statistical significance was seen
between the groups [F(1,5)=4058.828, p<0.001]. Results obtained by
utilizing the post—hoc test using Scheffe were as follows: (1) Significant
difference observed between V and T(D), and between T (D) and T(R),
p<0.001; (2) significant difference between L and LT(D), and between
LT(D) and LT(R), p<0.001; (3) not significant difference between V and
L, p=1.000; (4) not significant between T(D) and LT(D), p=0.998; and
(5) significant difference between T(R) and LT®R), p<0.001. Taken
together, these results suggest that lobarstin—alone may not induce DNA
damage, but the DNA damage induced by TMZ may be sustained in the

presence of lobarstin.
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[Fig. 10. Effect of lobarstin on DNA damage and recovery. (A) Experimental
paradigm of lobarstin and/or TMZ treatment for alkaline comet assay. Damage (D)
and recovery (R) are defined in the solid line shown on the top (not drawn to
scale). Six different experimental conditions are shown underneath the solid line as
arrows [V, Vehicle; L, lobarstin; T(D), TMZ (damage); LT (D), lobarstin and TMZ
(damage); T(R), TMZ (recovery); and LT(R), lobarstin and TMZ (recovery)]. The
alkaline comet assay was performed at the end of each arrow. (B) Fluorescent image
of cells subjected to alkaline comet assay. (C) Summary of alkaline comet assay.
Results are shown as average of fold—change relative to the vehicle—treated group
from 50 measurements obtained per treatment and three independent experiments

(total of 150 measurements) and standard deviation as error bars.
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(4) @7] A do A lobarstin® DNA &A%} 3% g3
Because lobarstin—treated cells showed greater DNA damage in the
alkaline comet assays, we hypothesized that the DNA repair system may
be affected by lobarstin. Treatment of T98G cells with lobarstin—alone for
up to 48 h resulted in reduced expression of MGMT and PARP1 proteins,
enzymes implicated in DNA repair, in a timedependent manner (Fig. 11A,
left panels). Reduced expression was also seen at the transcription level
(Fig. 11A, right panels). Moreover, co—treatment of lobarstin with TMZ
resulted in lesser expression of MGMT, PARP1, LIG3 and XRCC1l (Fig.
11B). These results suggest reduced expression of DNA repair genes as a
possible mechanism for enhanced sensitivity seen with lobarstin

co—treatment (Fig. 12).

(5) F7] A EHeA lobarstin®] &3}
U87TMG AXFE 15¥9ZF lobarstin®® A3 & A H colonyd & ASF3H
A3} (colony formation assay <+3)), lobarstin® #%°] dose—dependentd}A
245N dee & 7 AAE(Fige 13).

(6) 7] HAEEdA lobarstine] & TMZC AT A &3}
US7TMG MEFE 1547k 7] @Al TMZ and/or lobarstin® = 23t & YA
H colony? = A3t Ay (colony formation assay F3), lobarstin® &%
°f dose—dependentdtAl 54 a7t s & F AAHF(Fig. 14, 15).

(7) in vivo 7] S5 XA lobarstinel ¢ TMZS W% Al &3}
UB7TMG MXEFE HAAFAF o o]Fo]2s *(=xenograft) 7]E LA TMZ
and/or lobarstin® =4 &35 Bty AA AF° paradigm Fig. 163 Zt}.
oFE ol & 21d7bA FYY AVIek ABFHEY wFAE SAFew, 2144
sacrificedt & F¢ES FEsto] FAE ST TMZA RO EE FY9 A
717 v HobAA TMZ w59 54 a7k yiF %171 wiel lobarstinel] ]t
SAA &7 vvlekleh (Fig. 17).
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[Fig. 11. Effect of lobarstin on the expression of DNA repair genes. (A) The
effect of lobarstin on DNA repair genes. Cells were treated with 40 M
lobarstin for indicated times (left panels) or for 24 h (right panels) and
subjected to immunoblot and RT—PCR, respectively. (B) The effect of 40 M
lobarstin and/or 500 ¢M TMZ on DNA repair genes. Cells were treated with
indicated drugs for 24 h and subjected to immunoblot. Shown are
representative results of three independent experiments. V, Vehicle; L,
lobarstin—only; T, TMZ only; LT, lobarstin and TMZ.]
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[Fig. 12. Role of lobarstin in GBM. In MGMT —positive, TMZ—resistant
T98G cells, the sensitivity to TMZ was enhanced by lobarstin cotreatment.
Recovery from TMZ-—induced DNA damage was attenuated by

concomitant lobarstin treatment, accompanied by reduced expression of

genes in the MGMT and BER pathways.]
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[Fig. 13. Toxic effect of the previously secured metabolite, lobarstin.

U87MG human glioblastoma (GBM) cells were treated with indicated
doses of lobarstin for 15 days. Formed colonies were stained with crystal

violet, thus the colony formation assay.]
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Metabolite (M)
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[Fig. 14. The effect of concomitant treatment of metabolite (= lobarstin)
and TMZ on U87MG cell viability. Cells were treated with indicated
combination of drugs for 15 days and subjected to colony formation

10 uM TMZ

assay. Left, representative results of three independent experiments.
Right, plotted results from three independent experiments. Y axis, average

colony number per well.]
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[Fig. 15. The effect of concomitant treatment of metabolite (= lobarstin)
and TMZ on U87MG cell viability. Cells were treated with indicated
combination of drugs for 15 days and subjected to colony formation

assay. Shown are results from 4 independent experiments.]
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L 1 1 1
: ! : Treatments for 21 d :
reatments Tor a -
Stabilization ~ Subcutaneous + . 3 Sampling
1 week injection into left CTL: Control (n=10)
flank Lob: Lobarstin (ot 29) 10 mg/kg/day (n=10)

o sHN) Grouping TMZ: Temozolomide 5 mg/kg/day (n=10)
(3 day After L+T: Lobarstin +TMZ 5 mg + 10mg/kg/day (n=10)

implantation)

[Fig. 16. Paradigm of a xenograft experiment. Xenograft tumors were
made by injecting U87MG human GBM cells into immunodeficient mice.
days.

Mice were subjected to daily injection of indicated drugs for 21

CTL, control, vehicle injected; Lob, lobarstin—injected; TMZ,

temozolomide—injected; L+T, lobarstin— and TMZ—injected.]
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[Fig. 17. Xenograft experiment to examine the in vivo effect of lobarstin.
Groups of 10 mice each were subjected to daily injection with indicated
drugs. A, tumor volume of live animals; B, body weight changes during
the experimental period; C, tumor weight measured from sacrificed
animals; D, representative xenograft tumors from sacrificed animals. Note
that the difference between TMZ alone and TMZ+ Lobarstin is minimal,
possibly due to the dramatic effect of TMZ alone. CTL, control, vehicle
injected; Lob, lobarstin—injected; TMZ, temozolomide—injected; L+T,
lobarstin— and TMZ—injected.]
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. 2 EAH XL (GBM) oA 718 R ALl lobarstin® in vitro $Fo] oA &3}
(1) Lobarstin®] &7 54da%
Human GBM Al3Z5?1 T98G and/or US7MG®IA] lobarstin ©5* 2ol 23t &=
dadE 7] (Fig. 18, left) & 7] (Fig. 18, right) SR HFgst A3}
dose—dependent toxicityE H.¢}Ft}.

(2) Lobarstin® A|30|%s (cell migration) A &3}
Scratch assayE 339 in vitro “JElellA lobarstine] ]t USTMG A|:EF2]
Aol F= #3s A3}, lobarstine USTMGE] Al*olsg Agit= AE ¢
Stk (Fig. 19).

(3) Lobarstin®l 2]3%t cytoskeleton?] 3}
A EolFo T3 MEFZA (cytoskeleton) 2] W3}7F lobarstin®] 28] Lojuhi=4
AR BA Y F-actin® %HlE 17] &) 3349 phalloidin®® A3}
A3}, lobarsting A g]ld A XA F-actino] #AAxdchs S #2330 (Fig.

left).
ShH, M ZEFZA 0 -4 9} Wst= thofst Gl zlof o AP 2 lobarstin®]
ot MEFZ ] W37l small GTPase? 23& W3le] o& wizje =% #HASA

t} ZAFsE 37FA] small GTPase = CDC42 whulza o] W eko| |pbarsting @
b A EolM AashS S TR (Fig. 20, right).

(4) Lobarstinell €3k MMP2] 2w s}
GBM A|¥+= gelatinase® 42 Zk= Matrix Metalloproteinase (MMP) 2%} 9
£ ddste] AlE E BH| (5, Ak EAsith et Aoz 2 dHA 9l
oB®E 7 F MMP2e dis FAFSSIT

MMP29 @A&AS zymographyE ©o]&3ste] HAA3H T Gelatine] &£3+%
acrylamide geloll A3 wjkS #7953t gelatin®] 3% protein band=
FASC, G ARG g A2 W2 T gel2 Coomassie blue dye® GA3tdA Z A
Ao=w HAS W geloA] gelatinase &7l &3l gelatin®] w3E FErF G4 0]
H A 9=t} o]g A Hol: bandt Y gelatinased 7FH @A 9] band size$}
A A5, band® intensity: gelatinase®] &/del v s}, Fig. 212 F 71A
bandZHE o9& Auld], MMP27} A+ (precursor) @HlZ o] full activity=
Z¥2 ok Pro—MMP2$}, protease®] 2Fg-oll 2l3l] processing ¥©] full activity
5 Zk= final form® MMP2e| @9dsh= bandellA 9] gelatin®] &3l o] Hol=
intensityE ¥+ ¥ vehicleg A 2lgh tiza oin] Aofz el @dow FAsHH
Precursor form (Pro—MMP2) ¢} final processed form (MMP2) X lobarstin
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[Fig. 18. Examination of in vitro toxicity in GBM cell lines. Left, short
term (72 h) effect of lobarstin alone in two GBM cell lines, T98G and
U87MG. Long term effect of lobarstin on US87MG cells assessed by colony

formation assay. Cells were treated with indicated dosease of lobarstin.]
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[Fig. 19. Wound healing effect assessed by scratch assay. US87MG cells
were plated, grown to confluency and scratched to induce cell migration
into empty space. Shown are results from immediately and 9 h—post
scratching. Cells had been incubated with vehicle or 30 xM lobarstin
since 24 h prior to scratching. Shown are representative results from 3
independent experiments.]
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[Fig. 20. Cytoskeletal changes by lobarstin. U87MG cells treated with
vehicle (DMSO) or 30 g M lobarstin were subjected to F—actin staining
with phalloidin—=FITC (left panels) or immunoblotting analysis with
antibodies specific for small GTPases. Note that the expression of CDC42

was decreased upon lobarstin treatement.]
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[Fig. 21. Inhibition of MMP2 activity by lobarstin. Culture media including
the secreted pro— and active—MMP2 were subjected to zymography. The

negative intensity of digested gelatin was measured and plotted as shown.
Left, zymographys result for bands corresponding to Pro—MMPZ2; right,
zymographys result for bands corresponding to Active—MMPZ2. X—axis,
lobarstin  concentration (xM); Y-—axis, relative gelatinase activity.
Gelatinase activity of vehicle—treated medium was set at 100. Shown are
average results of three independent experiments. Error bars, standard

deviation.]
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qPCR: MMP2
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[Fig. 22. Reduction of MMPZ2 expression by lobarstin. MMP2 mRNA
expression was assessed by qPCR with specific primers. Y axis,
expression of MMPZ relative to vehicle—treated cells. Lobarstin was
treated at 30 g« M.]
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(5) Invadopodia assay
Zymography S %3 MMP22 &4do] lobarstine] &3 JAlES Heon=z 7|
5402 gelatinase? o] FAast=A AHKH 1A invadopodia assays 3
3} Tt Invadopodia assayi= d°]9] in vitro REZA, M EZF FH M EL]7
A (ECM) el 4] (invasion)st#l™ Al227F & (foot) B FAFSE Fx2E "o Wol

U7l= A4S mimicdt A8 o|t). Invadopodiays XA o7 Wil {AFSE 4%

= 7 s B oY, O FREFE DR a4 (protease) 7F 8] H o
TH ECM< #3llste] A2 o] Fsh= 4 "=t Invadopodia assay+= ©|
9} #o] invadopodiaZ} ]t ©W A Feaio o& FFxEAE ECM T4+
T DA S Bajete] PFS S FEO HAS SAT 7 Utk o] #ts A
A= o] w4 g AlEZs o] Ao R Ak okEel €3t invadopodiafl
s A & o

GBM A X% gelatinaseZ4 S 7} MMP2¢ MMP9S #H|3t2 =2, &3 %A
st A3} lobarstin® €3 invadopodia
2

H gelatinase® invadopodia assay sk
JAANAY} H5ME gelatindld] SFMOFE KW

=
=
b Aads o S (Fig. 23). ¥

o]x= X Kol invadopodiall ZF8& O F gelaine] EajE FEol1, JMow gy
DAPI= AMEe] S dasto] @9 WA G AX 5 & ¢ glon, AAoz ¢
AME F—actine Fig. 20942} 70| lobarstinel] 2ol&] 743ttt mAoz AM
AR oA ke S BEol WAS MY Sl dAWFor RAYS AYE
o
=

plottingdlY lobarstin®ll <] &l statistically significants}A 74 3F

.
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Gelatin DAPI F-actin

*%
0.4 +
Vehicle
0.3 4
o - - -

[Fig. 23. Reduction in invadopodia formation by lobarstin. Upon digestion

0.1 4

[(%Degraded Area)/Cell Count]

0.0 -
Vehicle Lobarstin

of FITC-labelled gelatin by invadopodia, green fluorscence is lost. The
area of lost fluorescence was measured, normalized by cell number and
plotted as (% Degraded area)/cell count. Green, FITC—gelatin; blue, DAPI;
red, Cy3—phalloidin. **, Student’ s t—test, p < 0.01.]
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ok S AN (APL) ol A 718HE giAbAlQl M11A salt®] Ax54d a¥
(1) MI11A salt®] MxX=A a3

M11A saltE v}kl 352 APL AXF< NB4ef 24 h &3 & trypan blue
AAsto] At Ay, 7]E FHAIQl Arsenic trioxide (ATO) thH] M11A salt
o] MEEA Y AT 5 AATH(Fig. 24A). 1 M ATO7} ®HQl AZ=A &
el ARt B4 S Hole vEE 15 M

NB4o] th3t ) Z+ S % human foreskinolA] @3 primary normal human
fibroblastoll ATOSF M11A salts A2 A3, NB4olA HA4doz Bd 1 pM
ATOSH 15 M MI11A salt7} A 2ol 549875 RolA 458 & F 33l
t} (Fig. 24B).

o] ANZHE FF ¥l 1 M ATO9 15 ¢M MI11A saltZ o] A&
Z1 383k T

FPN

(2) MI1A salt B&A2 Al 7|& A ATO et A=
MI11A salté} ATOE WA eH AEZEA] F7Hehs dFsalvh(Fig. 25A).
ATOe°l 28 A EZEAS apoptosis = 28 o] HA Jormz,
M11A salt H-E&H el s Alald AE54 A apoptosis S 7tell 23k 3117
g1t aral theFst apoptosis assays 885t

AlZee DAPIZ @A A, WExgelr 24 3o 47t %ﬂﬂlé}ﬂl
7S A2 Y (Fig. 25B) . A ¥E propidium iodide (PDZ 23t & flow
cytometry® #2413t A3} apoptotic population®] &3t sub—G1l A|3E —?7}
7S & 4 ATH(Fig. 25C and D). 12 2Q1 apoptosis assayQ! genomic
DNAE #719%3% A3, Waxg Lol DNA ladderingo] 7Hg wWo] #EE o
] (Fig. 25E), apoptosis marker?l cleaved PARPI1, cleaved Caspase 9,
cleaved Capsase 37} W3 A g|olA 7 wha o] @ty

OWQ AE5E MLLA salt B8A2 Al 7I& @Al ATOO oz A=
43 AnEH, AES5A 710 Z apoptosisE AAITE = AU

3
7
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A. NB4 B. Normal fibroblast cells
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[Fig. 24. Cytotoxicity of MIIA salt relative to ATO. A, effect in APL cell

line, NB4. B, effect in foreskin normal fibroblast.]
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[Fig. 25. Enhanced cytotosicity upon concomitant treatment of M11A salt
and ATO is due to inducton of apoptosis. A, cytotoxicity assessed by
trypan blue staining and cell counting. B, DAPI staining result. (left)
fluorscence microscopy, (right) apoptotic body plotted as % control
(vehicle—treated cells). C, Propdium iodine staining followed by flow
cytometry. D, ratio of sub—G1l cells from the results of C. E, genomic
DNA laddering. F, immunoblot of apoptotic markers, cleaved PARPI1,
cleaved CAPSY9, and cleaved CAPS3. GAPDH was used as loading control.
V, vehicle—treated control; A, ATO alone (1 M ATO); M, MI11A salt
alone (15 M MI11A salt); AM, ATO and MI11A salt (1 M ATO + 15
M M11A salt).]
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(3) M11A salte] 93 PML—RARA @94 23 714 4

APLo A =2 A<l oncoprotein®] PML—RARA+= ATO®| & E3i7F =¥t
I gdEA =, o] FAe A7FEA] (autophagy) &= #olshE A E dElA Sl
o AyH oz PML-RARA ©@¥A-2 Triton X—100°] solubledt %X}
insolubledt &l ¥ @o] EAete= Aom delA i, %’5] o] insoluble ¥
©] PML—RARA7} autophagyel &3] #all¥+= 2102 &

o]o] insoluble #3342l PML-RARAE 43k
p629} LC3II7} soluble #2X T} insoluble oA TdzFe] W e & F

At (Fig. 26A). E9°]&A% autophagy inhibitorel c

autophagy marker? W& gFo] 71 =9

ATOSF M11A salts W¥&*2 3ol (Fig. 26B, lane 6) PML-RARA w93
o] ¢ko] 7Hg wWol Fraske Ae dESGT o] Wi VS HuA thekst &
AE o]&3to] western blot analysisE F33s A3}, ¥ E&A 2ol A apoptosis$}
autophagy”’} 57} 24 ER—stressol ™3t marker W3l= vju|dt RS o &
AATH(Fig. 26B).

oAl AxEREl M11A saltel 213 PML—RARA wwa Ra= autophagy
£ AFge & 7 A

(4) ATO%F M11A salt BE&A el &5t =49 +2+2 714 13

Fig. 25914 ATO9 M11A salt &z o3t =Ao] apoptosisE A3F,
Fig. 26°14 ATOS$ MIIA salt ®¥&Hgel 3 PML-RARAS] 37}
autophagys A3 Hokermz, WEA el &gt 5ol autophagy”b ¥oi3st
A AE E gt

o]e] autophagy inhibitorQ! chloroquine< AF-&3Fo] autophagy”’} &A% S-S
u WE&A ] oet apoptosis?7t FFS WA AHESTH AEHAE trypan
blue 9 & A AF=E BX3 A3 chloroquine Aol & == AEQ 7}
a8k (Fig. 27A), DNA laddering= #H4sku(Fig. 27B) PML—-RARA mRNA
o L wWErt gles #ESATH(Fig. 27C). ©lE©°] soluble 3 elA
apoptosis marker?l cleaved Caspase 3 (CASP3)¢} cleaved PARP10]
chloroquine®] 93l 7FA 3}l (vehicle AM tH] chloroquine AM), insoluble +#
$lofA autophagy marker?l LC3II% chloroquine®] 93] #4738}tk (vehicle
AM tiH] chloroquine AM) (Fig. 27D). wiA|2t 22 PML-RARAES FJFH o
2 ouEs Ay, gaA el 98 24dk il PML-RARAZ} chloroquine #] 2]
ols) 3y = Ae BESAT(Fig. 27E).

olate] A= Fgstd, ATOY MI1A salt WE&HHo| <93+ =AF o

3
autophagy”7} &S & 4 U]l



sohible insohible : Lanes 12 3456
2 = PML-RARA
fgf g RARA | -l
i G Rl
GAPDH | e - e e
PML-RARA -
PARP1 Fgg—
: Cleaved PARP1 - -
X pdd . -
P-ERK £5 = - - Apoptotic
maker CASP3 - e.-- .
(short) = e - '
Cleaved CASP3 § ° - -
ong) -
(long) GRP78 B = e
GAPDH ==
Erol-La | = = - O O
ER stress
tubulin - .. marker :
IREla - —
p62 -
CHOP
(short) - -
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tong) B BTG avarien LC3 T re
= marker
p62 -
GAPDH | @b e e oo e

[Fig. 26. PML—RARA protein degradation by MI11A salt is mediated by
autophagy pathway. A, cells were treated with vehicle or authophagy
inhibitors, 3—MA or chloroquine, lysed and subjected to western blot
analysis. Soluble, soluble fraction upon lysis with RIPA buffer; insoluble,
insoluble pellet upon Triton X—100 lysis solublized in 8 M urea. GAPDH
and Tubulin were used as loading controls. B, Effect of concomitant
treatment on the protein expression of ER stress markers and autophagy
markers assessed by western blotting. 1, control (no treatment); 2, cell
treated with ER—stress—inducing tunicamycin; 3, vehicle—treated cells; 4,
ATO alone (1 M ATO); 5, M11A salt alone (15 M MI1A salt); 6,
ATO and MI11A salt (1 M ATO + 15 M MI11A salt). GAPDH was
used as loading control.]
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D. E. Vehicle Chlorogquine

Vehicle Chloroguine
Soluble fraction v A MAM V A MAM

CASP3 |» -

Cleaved CASP3 (» --— - - - -

P v -

Cleaved PARP1 |» - -

GAPDH - e - - e e

Vehicle Chloroquine
Insolible fraction V AMAM V A MAM

PMLRARA | @ = = - = -

p62 = .

LCITL fpun A= -

P T ———

Immunoblot

[Fig. 27. Apoptosis induced by concomitant treatment of ATO and M11A
salt is mediated by autophagy. A, cell death was reduced (= cell count is
increased) upon chloroquine treatment, an autophagy inhibitor. B, changes
in DNA laddering, an apoptosis marker. C, conventional RT—PCR result of
PML—RARA, the APL marker and LC3, an autophagy marker. D, the
effect of concomitant treatment on apoptosis markers (cleaved CASP3 and
cleaved PARP1) were reversed by chloroquine, an autophagy inhibitor, in
soluble fractions. In the insoluble fractions, reduction of PML—-RARA
protein expression by concomitant treatment was reversed by chloroquine.
E, PML bodies were stained by anti—PML antibody (green). Nuclei were
stained with DAPI (blue). V, vehicle—treated control; A, ATO alone (1 g
M ATO); M, M11A salt alone (15 M MI11A salt); AM, ATO and M11A
salt (1 M ATO + 15 M MI11A salt).]
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(5) ATOSF M11A salt Mgl 2t K42 244 71 9

Autophagy ¥ MAPK ZA=Z7F #odti= ®Barl Qo] Wiz 3Aox
MAPK ZA=Z27} #ojsh=x A RH(Fig. 28). MAPK A 22 marker?!
phospho—ERKE] &L WE&AHelA 7H =3tk Fig. 28A). SolstAE
MAPK 7 229] inhibitor$l PD098059 (PD)E A #3tY phospho—ERK:= 743}
HFO} cleaved CASPY9, cleaved CASP3, cleaved PARP1 59 apoptosis
markeri= PDE Agst ®WE&AE oA 7B wEFo] Eokth. Apoptosis
markerol| Al ¥ Autol FAFSHA trypan blue G2 & Al Ay 9A] PDE A g
st WEAY welA M SAEW =55 & USTh o W=
ATOSE M11A salt ®HE&A g &3 =A o] MAPK Z=7F ¥ T
=

o>

tlo 1o
iy,

o
30 o

E]
2

ok
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[Fig. 28. Cytotoxicity of concomitant treatment is mediated by ERK
pathway. Note that the cytotoxicity is enhanced in PD098059 (PD, a ERK
pathway inhibitor) —treated cells. A, western blot analysis; B, cell counting
after trypan blue staining. V, vehicle—treated control; A, ATO alone (1 g
M ATO); M, M11A salt alone (15 M MI11A salt); AM, ATO and M11A
salt (1 M ATO + 15 M MI11A salt); PD, PD—treated.]
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ot FA A ZSMEY (APL) oA lobarstin®] AlZE=A g3}

(1) L

(2)

Lobarstin®} ATOS] WHE&Aglel| ot AxEZxd #|al
Lobarsting st 52 APL AZFl NB4e] thFst Alzbset A3t &
trypan blue @A3sto] Algst A3}, 7]E U4AIQ]D Arsenic trioxide (ATO) tiH]
lobarstin®] A=A &3 &A& & ATt (Fig. 29A, L A&, 1 ¢ M ATO
7F Bl Al gl AR SAS Hols ke 10 Mol
Lobarstin? ATOE WE&Aestd Ax5Ado] F71ehe #askolth(Fig. 29A,
LA A2]5). Lobarstin 532wt (L) 3 ATO9S] ¥EA YT (LAT) = H]JJ—O}
| Lt v LAT-olA €] H]#T 7V Fhaste] g el olal AlxESAdo] AL
4 AU 1 M ATOZF Bl AESA mikel AR 5A4S Rols 10 Iz
M lobarstin tho] & %2 ATOS} lobarstin®] 842 A o] = 7}st
oF 1§
v

A 254
), SolatAE Ae 5o 9ld 1 xM lobarsting ATO A= AE=
dol AxxEe adEsE Hdth ol9k ZE& Ao ket FF AP 1 pM
lobarstin &% (1L), 1 M lobarstin + 1 M ATO (1LA), 10 M lobarstin
9= (10L), 10 M lobarstin + 1 M ATO (10LA)E Hg st o, o
% vehicle A2 (V)& 1 M ATO A (A), & 670 7oz Wit}
1LASE 10LACIA Alared Mz F7F Aoz FHEn. Fig. 29B+
WST—-8% o] &3t viability assay ZA¥o]al, Fig. 29C+ LDH assay® ©]£3h
cytotoxicity assay® Ayl trypan blue 92 & A4 Aol =dsHA HE
Aol o8l AMEZSAo] T7He Bk

Lobarstin®} ATO2] W-E&A g st M3EZ=A A3l apoptosis S 7Fel
711 gk},
ATOe°l 9]t MxEZxAo] apoptosis 5o o3t ZAdo] A deEx glorz,
lobarstin W&o oa] Aa¥ MESA Al apoptosis 7t e H A
ghelslar A} thekst apoptos1s assay= T3t}

TUNEL=Z s & Algsty 1LACE 10LATelA TUNEKLZE 4 € A
o] H]&o] ¥ =UH(Fig. 30, left). Apoptosis marker?l cleaved PARP1
Aol A o] 7 =9kal, Capsase 3 (CASO)3) = W3 xg] o)A
&eFo] 714 Wkl (Fig. 30, right). ©]4Fe] AT ZRE] lobarstin MA@ A
& A ATOO dist Ax=sd (WHE) Axsd, NEssd 71-H OS2 apoptosis
= AAE F AT

NopZ of
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[Fig. 29. Effect of lobarstin alone or co—treatment with ATO on cell
death. (A) cell count after trypan blue staining. (B) cell viability assay
(WST—-8 assay). (C) cytotoxicity test (LDH assay). 1, V (vehicle—treated
control); 2, A (ATO alone); 3, 1L (1 M lobarstin); 4, 10L (10 g¢M
lobarstin); 5, 1LA (concomitant 1 M lobarstin and 1 M ATO); 6, 10LA
(concomitant 10 #M lobarstin and 1 M ATO). Student’ s t—test; *, p
< 0.05; *x, p < 0.01; =#x, ###, p < 0.001.]
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[Fig. 30. Cell death induced by lobarstin alone or by co—treatment with
ATO is mediated by apoptosis. Left, TUNEL staining results of the upper
panel plotted as % TUNEL —positive cells relative to total cell count. Right,
western analysis of apoptosis markers. Numbers under the blots indicate
band intensities relative to control (lane 1). 1, V (vehicle—treated
control); 2, A (ATO alone); 3, 1L (1 M lobarstin); 4, 10L (10 M
lobarstin); 5, 1LA (concomitant 1 x#M lobarstin and 1 M ATO); 6, 10LA
(concomitant 10 M lobarstin and 1 ¢M ATO).]
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(3) Lobarstin®} ATO®] BEx gl ost ME=A A1 autophagy ] F7Fel
7113ttt
ATOE APLS S 2 oncoprotein®l PML—RARA w©#de] ZHajo] #ojshd, 1
71 S % autophagy’} &delA QO FE Lobarstin®t ATOS] WEA 2o 23+ A
54 A7b autophagyell o&l w7l === &1k th(Fig. 31).
PML—-RARA ©@WA L Jobarstin @50l ATOS] W& gld o8] 7
=1 dose—dependentdtAl, @52 BT} WEAH g FolM © Wo] 7HAE)
(F1g 31, upper left).
3t autophagy marker?] &g FAs Az @& od SQSTMI
(p62et1x B dwAae 7kA4sty, LC3ILI (MAPILC3BIIE 2 : E#HUth) &
MA 3 mRNALE Z718hW, BECNI mRNA% 7183l
oAl A= £3EH Lobarstin?t ATOS HE&A g o 23t AEEA A
+ autophagy?] S 7tel 7|Qlstth= A& & 5 AT

0{1

(4) Lobarstin® ATOS ®-EA gl 9|3t apoptosisi= autophagy & 743ttt

Fig. 29914 ATOS$%} lobarstin W83 8o 23t =Ao] apoptosisE 731,
Fig. 30°14 ATOS lobarstin W 8-#l2jell °jg PML-RARA®] 387} autophagy
£ ARds Berg WEAg osk 549 autophagy’t ¥o{sh=A Au kR
Skt}. o]of autophagy inhibitorQ!l 3-— methyladenme (BMA) &} chloroquine
(CQ = AH&ate] autophagy7b A= NS w H&A el ©% apoptosis7t V&
= WA A ESk

3MAS%t CQE A2y autophagy marker?l LC3II7} #ast=dl, H-EA g
oell #asld PML-RARA wgo] okt 355 Z1S dEsh3ivh (Fig. 32).
ek o] S T Faje] A &F Zo]|=E mRNA FFEA e Wk
Atk (Fig 32). ol¢F H-AFstA authophagy marker?! BECN1 mRNA, total
LC3 puncta per cell®= 3MA2} CQol 98] 7ZA3st3tt (Fig. 33 and 34). £9]3}
A% authophagy inhibitor 2 ell &3l apoptotic cell®] F% T4 = o=
PI9A 3 flow cytometry, genomic DNA laddering, TUNEL 92 & A<,
apoptosis marker?! Cleaved PARP1¥ CASP32] western blot analysis (Fig
35) & ohekst Ao r FRlslth

ol AE F¥¢sH, ATOS lobarstin HEAH gl 23 HA &I
autophagy”t #%s & + AU
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[Fig. 31. Reduction in PML-RARA protein expression by lobarstin is
mediated by autophagy pathway. Upper left, PML—RARA protein
expression assessed by western blotting. @ —tubulin (TUBA) was used as
loading control. Upper right, expression of autophagy markers, SQTM1 (=
p62) and MAPILC3B (= LC3). GAPDH was used as loading control.
Numbers under the blots indicate band intensities relative to control (lane
1). Bottom, gPCR results of autophagy marker genes, MAPILC3B (=
LC3) and BECNI (= BECLIN—1I1). 1, V (vehicle—treated control); 2, A
(ATO alone); 3, 1L (1 M lobarstin); 4, 10L (10 M lobarstin); 5, 1LA
(concomitant 1 #M lobarstin and 1 M ATO); 6, 10LA (concomitant 10
#M lobarstin and 1 M ATO).]
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[Fig. 32. Enhanced protein degradation of PML—-RARA by concomitant
lobarstin and ATO is mediated by autophagy. Left, qPCR of PML—-RARA.
Right,  western blot analysis of PML—-RARA. Note that the reduced
PML—-RARA protein expression was recovered by autophagy inhibitors,
3MA and CQ in lobarstin and ATO co—treated cells (lanes 5 and 6). 1, V
(vehicle—treated control); 2, A (ATO alone); 3, 1L (1 M lobarstin); 4,
10L (10 gM lobarstin); 5, 1LA (concomitant 1 M lobarstin and 1 #M
ATO); 6, 10LA (concomitant 10 #M lobarstin and 1 M ATO).]
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[Fig. 33. Establishment of experimental setting for autophagy inhibition in
APL cells. Upper panels, western analysis of autophgy marker MAP1LC3B
(= LC3). Numbers under the blots indicate band intensities relative to
control (lane 1). Lower left, gPCR result of BECNI (= BECLIN-1).
Lower right, number of cells with LC3 punta. Student’ s f—test; * or #, p
< 0.05; =x, p < 0.01;, ###, p < 0.001. 1, V (vehicle—treated control); 2,
A (ATO alone); 3, 1L (1 M lobarstin); 4, 10L (10 M lobarstin); 5,
1LA (concomitant 1 g¢M lobarstin and 1 #M ATO); 6, 10LA (concomitant
10 #M lobarstin and 1 #M ATO).]
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[Fig. 34. PML—-RARA protein degradation by lobarstin and ATO
co—treatment is mediated by autophagy. APL cells were stained with
anti—PML antibody (green), anti—LC3 antibody (red) and DAPI (blue). 1
V (vehicle—treated control); 2, A (ATO alone); 3, 1L (1 #M lobarstin);
4, 10L (10 ¢M lobarstin); 5, 1LA (concomitant 1 #M lobarstin and 1 g
M ATO); 6, 10LA (concomitant 10 M lobarstin and 1 M ATO).]
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[Fig. 35. Cell death by lobarstin alone or by co—treatment with ATO is
occurs by autophagy —mediated apoptosis. Upper left, sub—G1 cells
assessed by PI staining and flow cytometry. Upper right, genomic DNA
laddering. Lower left, TUNEL staining result. Lower right, protein
expression of apoptosis markers. Numbers under the blots indicate band
intensities of cleaved PARP1 over full-length PARP1 relative to control
(lane 1). 1, V (vehicle—treated control); 2, A (ATO alone); 3, 1L (1 M
lobarstin); 4, 10L (10 M lobarstin); 5, 1LA (concomitant 1 M
lobarstin and 1 M ATO); 6, 10LA (concomitant 10 #M lobarstin and 1
«M ATO).]
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[Fig. 36. Examination of lobarstin toxicity in MC3T3—E1l osteoblasts.
Cell were treated with indicated doses for indicated times and

subjected to cell viability test with WST—8 assay.]
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[Fig. 37. Examination of differentiation induction of MC3T3-El
osteoblast cell with M11A salt. Expression of Runx2, a differentiation

marker, was assessed by western analysis.]

_66_



6 uM M11Asalt

Ins 100 nM treatment time
p-IR

IR

pY895-IRS1

IRS1
pS473-AKT
AKT
p-ERK

OCN

B-actin

[Fig. 38. Effect of M11A salt on insulin signaling
osteoblast cells. Cells were pre—treated with 6 M MI11A for 24 h,
treated with 100 nM insulin for indicated times and subjected to
western analysis for proteins in the insulin signaling pathway. Note the

increased phosphorylation of insulin receptor (IR), IRS1, AKT and

ERK.]
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Glucose Uptake (2-NBDG assay)

10 oM Insulin: - +

- - - + + 4+ + +

6 uM M11A salt
Ins 100 nM treatment time C 5m1héh 24h C5Sm 1h éh 24h

GLUT1

OCN

B-actin

RT-PCR

[Fig. 39. Examination of the insulin and/or MI11A salt effect on
glucose uptake. (A) Glucose uptake assay with 2—NBDG. Treatment
with insulin enhanced the uptake of glucose in MC3T3—E1l cells. (B)
Changes in GLUT1 and osteocalcin (OCN) expression assessed by
RT—-PCR. GLUT1 encodes the osteoblast—specific glucose transporter
gene and OCN encodes osteoblast—specific marker protein, Beta—actin

was used as loading control.]
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(4) Lobarstin®el olst ZRAxE thARE A7
MC3T3-E1 AM3EF A9 Q&% (insulin) ¥ lobarstin® WHEx2 a3&5 7435}
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5 F o AEAZE F e 7FsAd S AAF skl
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Aded AFAHS F2 AEjolA lobarstin® HEA 7} d&d AFZHALAA U
glucose uptake°ll F3F& 71x=2 AAsH(Fig. 41). d&d AIAHES %
A3 lobarsting *2]8FH  dose—dependentdtAl AKT7F &4 3} ﬂ*‘:— RE
p473—AKTe| Eo]Al A E o]&3t western blot analysis® TS &= A
i (Fig. 41, left), 2=NBDG assayE ©]&3% glucose uptake A3 oA % insulin
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[Fig. 40. Effect of lobarstin on insulin signaling in MC3T3-El
osteoblast cells. Cells were pre—treated with vehicle (DMSO) or 1 nM
lobarstin for 24 h, treated with 10 nM insulin for indicated times and
subjected to western analysis for proteins in the insulin signaling
pathway. Note the increased phosphorylation of AKT, FOXA1l and ERK

as well as enhanced expression of osteocalcin.]
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Insulin-resistant Glucose Uptake (2-NBDG Assay)

500
Lobarstn: = - = 01 1 10 100 450 -
400
Insulin: - + + + + + + 350
300
PR IRES " 25
150
- 100
pS473-AKT — — —— - o
0
P-actin | e WP WS " w— — "y 10 aM Insulin: - + - 2 &
100 aM Lobarstia: - = - +

Insulin-resistant

[Fig. 41. Improvement of insulin resistance by lobarstin in osteoblasts.
Left, MC3T3—E1l cells were treated with N-—acetylglucosamine to
induce insulin resistance, pre—treated with indicated doses of lobarstin
for 24 h, treated with insulin for 6 h and subjected to western
analysis. Note the enhanced phosphorylation of AKT at S473 by
lobarstin in an dose—dependent manner (yellow arrow). Right,
enhanced glucose uptake in insulin—resistant MC3T3—E1 cells by
lobarstin. Glucose uptake was measured by flow cytometry for
fluorescence due to 2—NBDG, a fluorescent non—metabolizing glucose

analogue.]
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2013 2= Ross sea SHUD|MEAE FEE List

No. Sample No. Method Amount (mg) |Storage name| Notes

1 KES0516 CTD 25 CTD1-A5

2 KES0524 CTD 1.1 CTD1-81

3 KES0567 cTo 1.0 CTD1-E8 + Ethyl acetate T
4 KESO571 cTD 1.0 CTD1-E12

5 KES0573 cTD 08 CTD1-F2 D

6 KES0574 CTD 1.0 CTD1-F3 . ERA AR

7 KESO576 cTD 07 CTD1-F5

8 KES0604 CTD 06 CTD1-H9 2L

9 KES0605 [a)) 1.4 CTD1-H10 D
10 KES0606 C1o 1.1 CTD1-H12 * DMSOY reconstitution

: (100 mg/mL)
-

351 KES2936 BN 1.1 BN3-D5 e

352 KES2937 BN 09 BN3-D6 o MzZo Hel/got ™
353 KES2938 8N 09 BN3-D7 (10~30 ug/mL)
354 KES2939 8N 13 BN3-D8
355 KES2940 EN 13 BN3-D9
356 KES2941 BN 08 BN3-D10

357 KES2942 BN 1.1 BN3-D11
358 KES2950 BC 13 BC-AB

359 KES2956 BC ~4 BC-B4

[Fig. 42. List of extracts from 2013 Ross Sea marine microbial samples.
These extracts were reconstituted in DMSO to 100 mg/ml and stored at -
70°C for future use.]
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[Fig. 43. Primary screening for novel physiologically active substance in
GBM cells (Sample numbers #1~144). US7MG cells were treated with 10
1 g/ml of extracts from 2013 Ross Sea marine microbial samples for 24 h
and subjected to cell viability test with WST—-8 assay. Upper row of
X—axis, sample numbers. The first lane of each plot is from the
vehicle—treated control (ctr). Bottom row of X-axis, viability relative to
control(ctr). Y—axis, absorbance at 450 nm (A450). Error bar, standard

deviation from duplicate experiments.]
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Sample No.: #1~#144

Original stock: 100 mg/ml (stored at -70°C)

Diluted stock: 10 mg/ml in DMSO (stored at -70°C)

Final concentration: 10 pg/ml

Cells: T98G, U87MG (2E4 cells/0.1 ml, 96 well plate)
Incubation Time: 24 h, 96 h

Assay: WST-1 [EZ-Cytox cell viability assay kit (Cif & 24 A{H| )]
Detection: A450 (ELISA plate reader, 595 nm reference value)
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[Fig. 44. Primary screening for novel physiologically active substance in
GBM cells (Sample numbers #1~144). T98G cells were treated with 10 g
g/ml of extracts from 2013 Ross Sea marine microbial samples for 24 h
and subjected to cell viability test with WST—8 assay. Upper row of
X—axis, sample numbers. The first lane of each plot is from the
vehicle—treated control (ctr). Bottom row of X-axis, viability relative to
control (ctr). Y—axis, absorbance at 450 nm (A450) relative to control

(ctr). Error bar, standard deviation from duplicate experiments.]
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Sample No.: #145~#260

Orginal stock: 100 mg/ml (stored at —707TC)

Diluted stock: 10 mg/ml (stored at =707C)

Final concentration: 10 ug/ml

Cells: T98G, US7TMG (2E3 cells/0.1ml, 96 well plate)

Incubation Time: 72 h

Assay: WST—=8 [EZ—Cytox cell viability assay kit (L8] 2)]
Detection:A450 (ELISA plate reader, 595 nm reference value)
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[Fig. 45. Primary screening for novel physiologically active substance
in GBM cells (Sample numbers #145~260). US7MG and T98G cells
were treated with 10 zg/ml of extracts from 2013 Ross Sea marine
microbial samples for 24 h and subjected to cell viability test with
WST—8 assay. Upper row of X—axis, sample numbers. The first lane
of each plot is from the vehicle—treated control (DMSO). Middle row
of X-—axis, viability relative to control (DMSO) in U87MG cells.
Bottom row of X-axis, viability relative to control (DMSO) in T98G
cells. Y—axis, absorbance at 450 nm (A450) relative to control
(DMSO).]
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Sample No.: #261~#359
&#30, 64, 66, 70, 73, 77, 84, 93, 94, 95, 113, 119, 120,
123, 127, 139
Orginal stock: 100 mg/ml (stored at —707TC)
Diluted stock: 10 mg/ml (stored at —707C)
Final concentration: 50 ug/ml
Cells: T98G, URTMG (2E3 cells/0.1ml, 96 well plate)
Incubation Time: 72h
Assay: WST=8 [EZ—-Cytox cell viability assay kit (thd 8] ~)]
Detection:A450 (ELISA plate reader, 595 nm reference value)

No.261~289

14

1.
1
03
06
04
02
0

DM No. 5: - e o rn o o No.

262 263|264 265266 267|268 269|270 2711272|273\2741275 276|277 278 279|280 281|282 283 284 285 286 287 288
SO 261 289
15123096

1 0.990961.061091.191.151.161.17 0.98/0.94 1.06 1.03/1.16/1
501 1.051.031.041171.300.831.011.11/0.850.89/0.960.97 092 1.

871.03 080102099 111099 1.081.09 123116086
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14
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0
DM i 3 e »
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mT9%g 1 101109094 109110105 105107 114105103 1.16 108 1.12 119 1.06 1.07 1.03 1.05 0.96 095 1.07 1.11/1.20 1.09 1.00 1.15 1.0 0.97
EUSTMG 1 094094 096 100089 1.00 0.80 1.09 1.060.87 0.99 0.84 1.07 0.98 0.76 0.77 0.90 0.77 0.84 0.90 0.79 0.86 0.79/0.83 0.81 0.85 092 0.99 0.78
14 No.319~347
12
03
06
04
02
9 oM N B No.
327 328 329 330 331 333 334 335|336 337 31344 345|346
50 31 347

1 /105057103 100 110 1.08 1.04 1.02 0.83 0.91 0.90 0.92 0.930.95/0.99 1.05|1.08 1.01 0.95/0.99/1.05 1.00 1.04 1.06 1.05 1.02 0.99|1.16 0.90

1 1.06 086 099 093 0.78 0.91/094 093 0.78 0.78 088 0.78 0.74 0.82/0.87 091|090 0.81 0.75 0.84 097 096 0.96/1.09 103 1.00 1.08 1.08 051
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No.348~359/re.screening
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o
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SO

W19 1 085092092 104 099 1.00 0.89 095 0.90/0.85 0.91 0.94 1.00/0.88 0.99 0.91 1.01/0.92 1.04 0.89 0.93/1.01 0.85 0.97 095 094 0.78 0.98 1.01

@EU87MG 1 083091 1.000.76 097 0.80 0.84 0.92 0.80 0.85 0.69 0.70 0.87 0.81 0.69 0.90 0.77 1.03 0.96 0.78 0.88 0.77 0.56 0.77 0.79 0.63 0.79 0.81 0.94

[Fig. 46. Primary screening for novel physiologically active substance
in GBM cells (Sample numbers #261~359). UR7MG and T98G cells
were treated with 50 g g/ml of extracts from 2013 Ross Sea marine
microbial samples for 72 h and subjected to cell viability test with
WST-8 assay. Upper row of X—axis, sample numbers. The first lane
of each plot is from the vehicle—treated control (DMSO). Middle row
of X—axis, viability relative to control (DMSO) in T98G cells. Bottom
row of X-axis, viability relative to control (DMSO) in U887MG cells.
Y—axis, absorbance at 450 nm (A450) relative to control (DMSO).]
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Sample No.: #1~#144 (selected fractions only)

Original stock: 100 mg/ml (stored at —707C)

Diluted stock: 10 mg/ml (stored at —707C)

Final concentration: 10 ug/ml

Cells: T98G, UR7TMG (2E3 cells/0.1ml, 96 well plate)

Incubation Time: 96 h

Assay: WST—8 [EZ—Cytox cell viability assay kit (th #HAjn]2)]
Detection:A450 (ELISA plate reader, 595 nm reference value)

140 T98G & UB7MG (selected samples, 96 h)
120
100 . -1+ ri-+5 - - o) ISR e =
80 1 | | . 1
60 .
40
20
’ ”32:53:393333335235555::22323335555

W T98G mU8B7MG

[Fig. 47. Secondary screening for novel physiologically active substance in
GBM cells (Selected samples among sample numbers #1~144). T98G or
U87MG cells were treated with 10 zg/ml of extracts from 2013 Ross Sea
marine microbial samples for 24 h and subjected to cell viability test with
WST—-8 assay. X—axis, sample numbers. The first lane of each plot is from
the vehicle—treated control (c). Y—axis, absorbance at 450 nm (A450)

relative to control (c).]
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Sample No.: #19, 28, 30, 31, 37, 39, 64, 65, 70, 73, 84, 91, 92, 93,
102, 109, 110, 111, 112, 113, 114, 119, 123, 127, 128, 129,
130, 131, 138, 139, 154, 159, 160, 209, 304, 305, 323, 327,
328, 330, 331, 337, 351, 354

Orginal stock: 100 mg/ml (stored at —707C)

Diluted stock: 10 mg/ml (stored at —70TC)

Final concentration: 50 ug/ml

Cells: T98G, US7TMG (2E3 cells/0.1ml, 96 well plate)

Incubation Time: 72h

Assay: WST=8 [EZ—Cytox cell viability assay kit (th 2 xn] )]

Detection:A450 (ELISA plate reader, 595 nm reference value)

120

100

0.80

0.60

0.40

0.20 IH

000 DMSO 19 28 30 31 37 39 64 65 70 73 84 91, 92 93 | 102 | 109 | 110 | 111 | 112 | 113 | 11 E
mUS/MG 100 082 107 103 107 /093 099 093 102 098 087 095 108 1.04 K107 046 088 102 055 112 093 101 093

oT98G 100 089 089 095|093 096 097 091 085 085 089 100 102 083 098 039 060 086 057 089 083 096 | 0.95

120

100

0.80

0.60

0.40

0.20 ﬂ

000 DMS _ _ B -
o 123 (127 | 128 | 129 | 130 | 131 | 138 | 139 | 154 | 159 | 160 | 209 | 304 | 305 | 323 | 327 | 328 | 330 | 331 | 337 | 351 | 34

mUS/MG 100 108 | 111 | 109 | 115 105 105 110 105 068 | 1.18 | 108 | 108 | 105 | 099 | 077 | 1.05 | 095 | 106 | 110 | 1.00

aT98G 100 090 087 091 091 089 086 | ( 0.88 023 092 091 090 089 087 085 086 094 089 090 | 096

[Fig. 48. Secondary screening for novel physiologically active substance in
GBM cells (Selected samples among sample numbers #1~359). US7MG or
T98G cells were treated with 50 gg/ml of extracts from 2013 Ross Sea
marine microbial samples for 72 h and subjected to cell viability test with
WST—-8 assay. Top row of X—axis, sample numbers. The first lane of each
plot is from the vehicle—treated control (DMSO). Middle row of X-—axis,
viability relative to control (DMSO) in U887MG cells. Bottom row of X-axis,
viability relative to control (DMSO) in T98G cells. Y—axis, absorbance at
450 nm (A450) relative to control (DMSO).]
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<2013 Ross Sea Bacteria extract>

A8 1A} screening & 7H54E0] U= 4470 A=

Original stock: 100 mg/ml (stored at -70°C)

Diluted stock: 10 mg/ml (stored at -70°C)

Final concentration: 10 ug/ml

Cells: T98G (2E3 cells/0.1ml, 96 well plate)

Incubation Time: 72h

Assay: WST-1 [EZ-Cytox cell viability assay kit (CH € & A H|2))
Detection:A450 (ELISA plate reader, 595 nm reference value)

250 5

200
1.5

150 -

j
1.00 -
0.00 - - ] o

cell #65 #70 #92 #102 #1039 #111 #113 #154 #159 #160 cellQK19  #28  #64 473 10 #112 #1238 #9127 #1288 M2

cell #130 #1317 #7139 #305 #323 #327 #328 #330 #337 #3517
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[Fig. 49. Secondary screening for novel physiologically active substance in
GBM cells (Selected 44 samples among sample numbers #1~359). TI98G
cells were treated with 10 gg/ml of extracts from 2013 Ross Sea marine
microbial samples for 72 h and subjected to cell viability test with WST—8
assay. X—axis, sample numbers. Y—axis, absorbance at 450 nm (A450)
relative to control (cell). Note that none of the sample seem to have

cytotoxic effect on GBM cell lines when treated alone.]
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2013 Ross Sea 3|0 M S A2 22 S (#1-#40)
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2013 Ross Sea S| Y 0| M EA R F=E (#41~#80)
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[Fig. 50. Primary screening for novel physiologically active substance
in APL cells (Sample numbers #1~120). NB4 cells were treated with
10 g g/ml of extracts from 2013 Ross Sea marine microbial samples
for 24 h and subjected to cell viability test with WST—8 assay.
X—axis, sample numbers. The first lane of each plot is from the

vehicle—treated control (Vehicle). Y—axis, absorbance at 450 nm
(A450).]
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<2013 Ross Sea Bacteria extract (#121~#359)>

Stock: 100 mg/ml, second stock: 10 mg/ml; stored at-70 °C
Final cone: 30 ug/ml

Cells: NB4 (1 E3 cells / 100 ul)

Time: 72 h

Cell viability method: WST test

Elisa plate reader: 450 nm (595 nm reference value)

NB4: #121~ 200
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[Fig. 51. Primary screening for novel physiologically active substance in
APL cells (Sample numbers #121~359). NB4 cells were treated with 30
rg/ml of extracts from 2013 Ross Sea marine microbial samples for 72 h
and subjected to cell viability test with WST—8 assay. X—axis, sample
numbers. The first lane of each plot is from the vehicle—treated control
(Vehicle). Y—axis, absorbance at 450 nm (A450).]
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<2013 Ross Sea Bacteria extract>

AEL & 1K} screening F 7HSE0| Y= 4070 A2
Stock: 100 mg/ml, second stock: 10 mg/ml; stored at-70 “C
Final cone: 30 ug/ml

Cells: NB4 (4 E3 cells / 100 ul)

Time: 72 h

Cell viability method: WST test

Elisa plate reader: 450 nm (595 nm reference value)

25 25

15 = n 1. ! | T _ |
1 . 5
0.5 .
\
0 0

cell #89 #94 #104 #105 #108 S#116 #117 #120 #1856 | #158 cell #73 w77 #85 #98 #1171 #155 #159 #165 #2409 #250 #257 #258 #259 #335

n

o
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200 — — =7 AN 250 ——=——
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000 + T T T T T T 000 T 7 ! . T T :
#90 #99

#100 #238 #239 #240 cell cell #95 #109 #110 #112 #113 #114 #115 #118 #119 #239

[Fig. 52. Secondary screening for novel physiologically active substance in
APL cells (Selected 40 samples among sample numbers #1~359). NB4
cells were treated with 30 zg/ml of extracts from 2013 Ross Sea marine

microbial samples for 72 h and subjected to cell viability test with WST—8

assay. X—axis, sample numbers. Y—axis, absorbance at 450 nm (A450)
relative to control (cell). Note that none of the sample seem to have

cytotoxic effect on GBM cell lines when treated alone.]
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Pharmaceutical composition containing lobarstin for preventing or treating brain
cancer and combined therapy for treating brain cancer using same
SUlEY YW E10-2012-0118464), =H L 2H2012W010€24Y),
&7l %.(10-2014-0052396), & 7§ L AH2014105407)
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o A F N HE (WO 2014/065545 A1), = A= 7) H (2014305€01¢Y)

A AA = (17, Fig. 54)

Kim, S., Jo, S, Lee, H., Kim, T.U., Kim, I.C., Yim, J.H., and Chung, H. (2013).

Lobarstin Enhances Chemosensitivity

in Human Glioblastoma T98G Cells.

Anticancer research 33, 5445-5451.
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Pharmaceutical composition containing
lobarstin for preventing or treating brain
cancer and combined therapy for treating brain
cancer using same

WO 2014065545 A1

*x

3

E

The present invention relates to a novel use of lobarstin which is a m

derived from a natural substance. More particularly, the present invention
relates to the use of a composition containing lobarstin or a pharmaceutically
acceptable salt thereof for preventing or treating brain cancer, and to the use
thereof in combined therapy, in conjunction with temozolomide, for treating brain
cancer. Since it has been confirmed that cell cytotoxicity is exhibited when a

0?rbsldx=110&TECH_NO=KST2015196307

Y W02014065545 A1

u R8 i

s ¥z PCT/KR2013/009366

374 &7 20149 5814

=Y 201349 108 21

MY @ 201214 10% 242

wExt Joung Han Yim, 97§l 2| »

A x} Korea Institute Of Ocean Science And
Technology, E=3i 2 atst 7= @l

E3YE EL7| BiBTeX, EndNote, RefMan

53] 212 (4), HIS3] 012 (1), £ (@), S5 B ¥H U2 (4)

2|8 =3: Patentscope, Espacenet

temozolomide resistant cancer cell line is treated solely with lobarstin, which is a compound according to the present invention, the present invention can be
prepared as a drug for overcoming anticancer drug resistance. Further, it has been confirmed that cell death is promoted during combined treatment using lobarstin
and temozolomide, which is a cancer drug for standard therapy, and thus, it is possible to develop the present invention as a drug for combined therapy in addition

to conventional therapy. Therefore, the present invention is useful.

ZEXH: http://www.google.com/patents/W02014065545A17cl=en

[Fig. 53. Patent information. Internet
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Lobarstin Enhances Chemosensitivity in Human
Glioblastoma T98G Cells

SOJIN KIM'27, SUNGSIN J0*#, HONGKI LEE*”, TAE UE KIM',
IL-CHAN KIM®, JOUNG HAN YIM® and HEEKYOUNG CHUNG?"

!Department of Biomedical Laboratory Science, College of Health Science,
Yonsei University, Yonseidae-gil, Wonju, Gangwon-do, Republic of Korea;
2Department of Patholagy, College of Medicine, Hanyang University, Seongdong-gu, Seoul, Republic of Kovea;
*Hanyang Biomedical Research Institute, Hanyang University, Seongdong-gu, Seoul, Republic of Korea
“Depariment of Biomedical Science, Graduate School of Biomedical Science and Bivengineering,
Hanyang Universiry, Seongdong-gu, Seoul, Republic of Korea;
5Deparrmem of Biomedical Science, Graduate School, Hanyang University,

Seongdong- gu, Seoul,

Republic of Korea;

SDepartment of Life Sciences, Korea Polar Research Institute, Korea Institute
of Ocean Science and Technology, Yeonsu-gu, Incheon, Republic of Korea

Abstract. Background/Aim: Lobarstin is a metabolite
occurring from the Antarctic lichen Stereocaulon alpnum.
Human glioblastoma is highly resistant to chemotherapy with
temozolomide. Lobarstin was examined for its effect on
glioblastoma. Materials and Methods: Temozol omide-
resisiant T98G cells were subjected o toxicity test with
temozolomide andlor lobarstin. DNA damage and recovery
was assessed by the alkaline comet assay and expression of
DNA repair genes was examined by RI"-PCR and western blot
analysis. Results: Lobarstin alone ar 40 uM was roxic against
T98G, but had no effect in primary human fibroblasts. Co-
treatment of lobarstin with temozolomide yielded enhanced
toxicity. Temozolomide-alone or with lobarstin co-treatment
gave similar extent of DNA damage. However, the recovery
was reduced in co-treated cells. Expression of DNA repair
genes, O%-methylguanine-DNA methyltransferase, poly(ADP-
ribose) polymerase 1 and ligase 3 were reduced in lobarstin-
treated  cells. Conclusion:  Enhanced  sensitivity 1o
temozolomide by lobarstin co-treatment may be atributed 1o
reduced DNA repair.

Correspondence 1o: Heekyoung Chung, PhD., Department of
Pathology, College of Medicine, Hanyang University, 222
‘Wangsimni-ro, Seondong-gu, Seoul, 133-791, Republic of Korea.
Tel: +82 222200631, Fax: +82 222202422, e-mail:
he2n@hanyang.ac kr

Key Words: Lobarstin, glioblastoma, temozolomide, chemosensitivity,
DNA repair.
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Glioblastoma multiforme (GBM) is the most aggressive form
of glioblastoma tumors and is accompanied by extremely
poor prognosis, despite standard treatment with surgery,
radiation therapy and chemotherapy (1). Better
understanding of the disease at the molecular level has
prompted the development of novel therapeutic strategies,
aiming to enhance responsiveness to standard chemotherapy.
Temozolomide (TMZ) is an alkylating agent most frequently
used in GBM chemotherapy, that generates various methyl
adducts on DNA, among which are at (f-guanine, N7-
guanine and M -adenine (2). The cytotoxicity of TMZ is
dependent on DNA repair systems, such as mismatch repair
(MMR), 6F-methyl guanine-DNA methyltransferase
(MGMT) repair and base excision repair (BER). Many
agents, including the MGMT inhibitor (3), poly(ADP-ribose)
polymerase-1 (PARP1) inhibitor (4), ribonucleotide reductase
inhibitors (5), anti-epileptic drugs (6, 7), resveratrol (8),
rapamycin analogs (9) and cold atmospheric plasma (10).
have been reported to enhance sensitivity of TMZ (11).
However, further research remains to be performed until
usage of these agents at the clinical level.

Several lichen extracts have been used for remedies in folk
medicine, and recent research has identified various
biological activities of lichen metabolites, including
antibiotic, anti-mycobacterial, anti-viral, analgesic, and anti-
pyretic properties (12, 13). We have recently reported
isolation of several metabolites from the Antarctic lichen
Stereocaulon alpinum with biological activities (12, 14, 15).
In the present study, we report on the effects of lobarstin (15)
in GBM T98G cells .

5445

[Fig. 54. Cover page of published research article.]



(3) or3] 93 EA~F 2EEH)
Al A XEXA]-%: The 20th International Symposium on Polar Sciences (ISPS)

Korea Polar Research Institute, Incheon, Republic of Korea, May
27-29, 2014 (Fig. 55).

28 ¥3F 1. Kim, S., Jo, S., Lee, H.,, Kim, I.C., Yim, J.H, and Chung, H.
(2014)  Lobarstin  enhances chemosensitivity in  human
glioblastoma T98G cells (Fig. 56).

X2~H 2 2 Jo, S, Kim, S, Lee, H, Kim, I.C, Yim, JH. and Chung, H.

(2014) Lobarstin induces cell death in acute promylocytic
leukemia NB4 cells (Fig. 57).

A8k t] 3. International Conference of the Genetics Society of Korea, 2015,
Dec 04-05, 2015 (Fig. 58).

X228 9WFE o Kim, S, Lee, Y., Kim, I.C., Yim, JH. and Chung, H. (2015)
Lobarstin inhibits U87/MG human glioblastoma cell migration

and invasion (Fig. 59).
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The 20t International Symposium on Polar Sciences

r‘-.

May 27-29, 2014

Korea Polar Research Institute
Incheon, Republic of Korea
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[Fig. 55. Cover page of Proceeding for the 20" International Symposium on

Polar Sciences.]
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The 20 Tnternational Sympasiun on Polar Sciences (TSPS)
Karea Palar Research Imstitute, Incheon, Republic af Korea, May 27-20, 2014

LOBARSTIN ENHANCES CHEMOSENSITIVITY IN HUMAN
GLIOBLASTOMA T98G CELLS

Sojin Kim"** Sungsin Jo!, Honghi Lee'?, H-Chan Kine, Joung Han Yier' and
Heekyoung Chung™*

' Hervang Biomedical Research Institwe, Hanvarg University, Korea
‘Depariment of Biomedical Seience, Hanvang University, Korea
Jﬂﬁ’mﬂmﬂrr af Life Scfences, Korea Polar Reseavch Institute, Korea
*Department of Pathology, College of Medicine, Hamvang University, Korea

He Sy oo, ki

ABSTRACT

Background/Aim ;

Lobarstin s & metabolite/ occurring from the  Antaretic lichen. Stereccandon alpimem. Human
glioblastoma is highly resistant 1o chemotherapy with-temozolomide, Lobarstin was examined for its
effect on glichizstoma.

Materials and Methods

Temozolomide-resistant T98G cells were subjected wtaxicity test with temozolomide and/or lobarstin,
DMA damage and recovery was assessed by alkaline comet assay and expression of DNA repair genes
was examined by RT-PCE and western blot analvsis,

Results

Lobarstin alone at 40 pm was toxic against T98G., but had no effect in primary human fibroblasts. Co-
ireatment of lobarsiin with temozolomide vielded enhanced toxicity. Temozolomide-alone or with
lobarstin co-treatment gave similar extent of DNA damage. However, the recovery was reduced in co-
treated cells. Expression of DNA repair genes, O%-methy lguanine-DMN A methy liransFerase, poly (ADP-
ribose) polymerase 1 and ligase 3 were reduced in lobarstin-treated cells. Conclusion: Our results
suggest that enhanced sensitivity to temozolomide by lobarstin co-treatment may be attributed to
reduced DMNA repair.

115

[Fig. 56. Abstract of poster presentation in the Proceeding for the 20"
International Symposium on Polar Sciences.]
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The 2(F" International Symposium on Pelar Selences (ISPS)
Korea Polar Research Institute, fncheon, Republic of Korea, May 27-29, 2014

LOBARSTIN INDUCES CELL DEATH IN ACUTE PROMYLOCYTIC
LEUKEMIA NB4 CELLS

Sungsin Jo'* Hongki Lee'?, Sojin Kim"', B-Chan Kin?, Joung Han Yim® and
Heekyoung Chung”

! Hanvang Biomedical Research Institwie. Hanvang University. Korea
*Depariment of Biomedical Science, Hanvang University, Korea
'zf.kpc.'r:merrr of Life Sciences, Korea Polar Research Instivute, Korea
{Department af Pathology. College af Medicine, Hawvang University, Kovea

ABSTRACT

Several lichen metabolites arg known o harhor varions hiological activities including anti-biotic, anti-
myeobacterial, anti-viral and anti-pyretic properties. Recently we have reported that lobarsting a
metabolite isolated from the Antarctic lichen Stereocaulon alpinum, acts a5 a potent anti-cancer agent
in human glioblastoma Cells (Kim et al,, 2003 In the present study, we examined its possible anti-
cancer effect in acute promylocytic leukemia (APL) cells. At 15 pM, lobarstin treatment resulted in
reduced cell viability comparableto thatof L pbdamsenio trioxide (ATO) in NB4 cells, but showed no
toxic effect in human normal fibrablast eells. Labarstinor ATC alone induced growth inhibition of NB4
cells, but when treated together more prowth inhibition was abgerved, Combination of lobarstin and
ATO synergistically triggered cell death accompanied by accelerated caspases activation. Intriguingly,
the amount of PML-RARA oncoprotein, which is a critical target in APL cancer therapy, was reduced
upon lobarstin treatment. Enhanced expression of LO3, an autophagic marker, suggests autophagy as a
possible molecular mechanism of PML-RARA deagradation. Taken together. our resulis open the
possibility of lobarstin as an effective therapeutic candidate in APL.

Reference
KIM. 8., )0, 8, LEE. H., KIM, T. U, KIM, 1. C.. ¥1M, ). H. & CHUNG, H. 2013, Lobarstin enhances
chemaosensitivity in human glioblastoma T9BG cells, dnticancer Res. 33, 5445-51,
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[Fig. 57. Abstract of poster presentation in the Proceeding for the 20"

International Symposium on Polar Sciences.]
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[Fig. 58. Cover page of Proceeding for the International Conference of the
Genetics Society of Korea, 2015.]
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B8 Lobarstin inhibits US7ME Human Glioblastoma Cell
Migration and Invasion

Som Kim, Saonolin Lee, Sungsis de, 1 Chan Kim, Aoung Han Yim, and Heskyoung Chunp
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[Fig. 59. Abstract of poster presentation in the Proceeding for the
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Is there new hope for therapeutic
matrix metalloproteinase inhibition?

Roosmarijn E. Vandenbroucke'? and Claude Libert'~

Abstract | Matrix metalloproteinases (MMPs) are zinc-dependent endopeptidases that
form a family of 24 members in mammals. Evidence of the pathological roles of MMPs in
various diseases, combined with their druggability, has made them attractive therapeutic
targets. Initial drug discovery efforts focused on the roles of MMPs in cancer progression,
and more than 50 MMP inhibitors have been investigated in clinical trials in various cancers.
However, all of these trials failed. Reasons for failure include the lack of inhibitor specificity
and insufficient knowledge about the complexity of the disease biology. MMPs are also
known to be involved in several inflammatory processes, and there are new therapeutic
opportunities for MMP inhibitors to treat such diseases. In this Review, we discuss the
recent advances made in understanding the role of MMPs in inflammatory diseases and
the therapeutic potential of MMP inhibition in those conditions.

[Fig. 61. Recent review article arguing the research aiming to develop
therapy based on MMP inhibition.]
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Review

Cells of origin in osteosarcoma: Mesenchymal stem cells or osteoblast @mm,k
committed cells?

Anthony J. Mutsaers?, Carl R. Walkley ><*

* Department of Climical Studies, Ontario Veterinary College. University of Guelph, Guelph, Ontario, Canada
Y Stem Cell Regulation Uit and ACRF Rational Drug Discovery Centre, 5t Vincent's Institute, Fitzroy, Victoria, Australia
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ARTICLE INFO ABSTRACT

Article history: Osteosarcoma is a disease with many complex genetic abnormalities but few well defined genetic drivers of
Received 26 September 2013 tumeor initiation and evolution. The disease is diagnosed and defined through the observation of malignant oste-
Revised 14 January 2014 oblastic célls that produce osteoid, however the exact cell of origin for this cancer remains to be definitively de-

Accepted 5 February 2014

Available online 14 February 2014 fined. Evide nce exists to support a mesenchymal stem cell as well as committed osteoblast precursors as the cell

of origin. Increasing numbers of experimental models have begun to shed light on to the likely cell population

Edited by: R Baran that gives rise to 05 in vive with the weight of evidence favoring an osteoblastic population as the cell of origin.
As more information is gathered regarding osteosarcoma initiating cells and how they may relate to the cell of

Keywords: origin we will derive a better understanding of the development of this disease which may ultimately lead to clin-

Dsteosarcoma ical improvements through more personalized therapeutic approaches.

Osteoblast © 2014 Elsevier Inc. All rights reserved.

Mesenchymal stem cell

Tumer initiating cell

pa3

[Fig. 62. Review article on the cell origin of osteosarcomal30].]
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RUNX2 and Osteosarcoma

Author(s): Na Li, Dongwei Luo, Xiaoxia Hu, Wei Luo, Guanghua Lei, Qian Wang, Ting Zhu, Junxia Gu, Yaojuan Lu and Qiping Zheng
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Medicine, School of Medicine, Jiangsu University, Zhenjiang 212013, China.

Graphical Abstract:

MicroRNAs
Osteoblast

activity
RUNX2 / Osteosarcoma

OS Patho &
Y‘ metastasis 7
Human tissue

Mouse models
Abstract:

Osteosarcoma (OS) is the most commion pediatric bone cancer in children and young adults. Previous studies have suggested the
importance of osteoblast activity in OS tumorigenesis and metastasis, as OS is characterized by abnormal bone formation, while osteoblast
is the predominant cell type both in OS and in metastatic tumor tissues. RUNX2 is a known essential transcription factor for osteoblast
differentiation. RUNX2 has also been linked to many human cancers, including bone cancers and cancer metastasis in bone. However, the
view of RUNX2 during OS tumorigenesis has not been unanimous. [In this manuseript, we reviewed the osteoblastic origin in OS etiology.
The oncogenic property of RUNX2 in human OS studies was briefly'summarized. RUNX2 may be involved in OS pathogenesis by regulating
cell cycle controlling of (pre)-ostecblasts, which subsequently convert to OS cells. The roles and mechanisms of RUNX2 during OS
metastasis and bone metastasis in target cancers (herein prostate and breast cancers), were as described. The potential involvement of
Runx2 in multiple mouse OS models that use human OS cell lines (Xenografts), tumor suppressor genes p53 and Rb1 were also discussed
Finally, we updated some microRNAs studies and their relation with RUNX2 in OS pathogenesis. This review provides a comprehensive
understanding of RUNX2's function during OS pathogenesis and will help with the research designing and strategy in controlling OS.

[Fig. 63. Review article on Runx2, the master regulatory protein of

osteoblastic differentiation, and osteosarcomal[31].]
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