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(Zt 570 o] %) glioblastoma (GBM), acute promyelocytic leukemia (APL), anti-cancer activity,
4 o single treatment, combination treatment, arsenic trioxide (ATO), temozolomide
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SUMMARY

Title

Studies on the anti—cancer effect of polar marine organism extracts

Purpose and Necessity of R&D

It is necessary to contribute to the national biomedical industry
through independent assurance of diversity of polar marine
organism—derived metabolites and establishment of basis for the
applied research. For this purpose, the ultimate goal of this project
is set at developing useful medicinal substances through screening
novel polar marine organism—derived metabolites. As a first step,
this study aims to measure the anti—cancer activity of polar
organism extracts and to identify the level of anti—cancer activity.

Contents and Extent of R&D

In order to study the anticancer effect of polar marine organism
extracts, 10 different extracts from marine microorganisms that
were collected from Antarctic Ross Sea in 2013 were added to
T98G and NB4 cell lines, which have been established from
glioblastoma (GBM) and acute promyelocytic leukemia (APL)
patients, respectively. Extracts were treated either alone or in
combination with well—known anticancer drugs, expecting equal or
higher anti—cancer activity than anticancer drugs that are in use
clinically. Anti—cancer activity were assessed by counting cells
after trypan blue staining, WST—8 assay or LDH assay.

R&D Results

In NB4 cells, 12 extracts were treated alone or with arsenic
trioxide (ATO), but none of them showed equal or higher
anti—cancer activity than ATO alone. In T98G cells, about 30
extracts showed neither equal nor better anti—cancer activity than
temozolomide (TMZ) alone. However, when treated in combination
with TMZ, 10 extracts showed equal or better anti—cancer activity
than TMZ alone.

Application Plans of R&D Results

Further studies such as to elucidate the detailed mechanism and to
identify the bioactive substance(s) are required in oder to apply for
a patent or for publication.
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AAA f-8 FEAde] et 2 FuFgol Fshgel met b
WEAS SRk BEAdE Setehs H2 S AT qlxetal
AYATH obere” L PR dustel I PR ATl 84
32 91 7hiro] THE Auolth, 1ene FEHE FAAT AxetE Bee
of EAAQ S FYE Fo hAbA YL SRAL BEFAT /0T H
2 Fobel FAAR TS o 7]of st Fheh

3. A7l H 9
BogATaAes Fad dgase 4 314
g =28 24 e A dAG. AT ALEH FEES 2013%

SIS
Ross Seasld AT o P& F22w, F90 ) & A7HeNM A
2, 54, M, FEE 20 59 oW $42 AR % 359 £ FEEo] &
wH Agelth 67199 A7Vt T FulE FEEe] FUE Fuld 49 B
& stelx gout viulz AYsk Fakgch 20169 68 FRE oA 9
SATHAE F Ross Sea APVBE FEEY FUYESS FIYolunF

(glioblastoma, GBM) ¥ JA=F9MEY (acute promyelocytic leukemia,
APL) 9l F+ 7FA oF A%k Fdl AETFNA 1, 2% screening dF3 1, & 9E
AFZA oAM= o] F 100 F ol A¥ste] F7tE d55Fo A9 a5
AR Bk opye}, voprp 71ES] FohAlSt WEFo A FdaEATE AnEE=
A A o) AFHYE aokstd o ¥ Eo[a2d 2].
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} e A9E AUBA HA)ES Sag 3 SHAT Sl o@ 7]
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. 53 s SA4 AEAd ¥ 595 4
53 s&F& dotetr] 9t ndslkrZ 5 sto] dlolEHlo]AE A
gom HA 71E==R (sarcticx AND activ¥ AND linstrument AND
lequipment AND !apparatu* AND l!arch AND !drillx) 2 23 A}
AA 96l HAMEY HAMHE 961 S FAPeRE HESY 5d UE
S APFoR Fe A3 dHSS(FY B §F) 49707 FE F 9
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olg Al AR 497) #HS3E B UHA VTR AT A= ok
2ok 58EdA7], 2d/5E5E7bER BRetd A
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535 JYgEz EHSW, Section C  (Chemistry, Metallurgy) 2}
Section A (Human Necessities)ﬂ oF 3:59 H|&= YErdr[1¥e6].
°] ¥ “Health” ¢} #dd 53wk 120 (579 i ICP 5 cAol @
Aglel A6l Edrsl= 4-9) 1670 e, S53E9 47 He= =
A Es sty PAE, AE 58 2 ¥ 3”&9%0] x]qu T AT
Fstd, 1 5 Ao %"41 55+ & =
oty 7]. A61£ 1

o]/\]-v/] @ljr éalo]- TE]L]-E]-L A ATl lo] M= b %
AFAQAE sl ek gon, A Holn AAAG 4w Yok G
Be 557} ot

Fgae

55 4443 34 AE Fd AAB OF AFE 0 fE Fob
2 Aadth 53 AAHORE 9% AT¢ AYAL wi D ¢F AT
A A4 Bom THE JITekE AF @getel ATNLE WA A
S, 2 ATFRAS 2o A5 AFE Bal FALE G IS §
W2 FuE gyl dok

=
o
2
ofN -4
e
ok

GBM2 321737419 olw Al (glial cell) & 1 AFAFEofA 7] A3H=
o7 o JAZSFH W thik9] 47‘] 3} ¥4 (white matter)
of 7bg &3] WA ettt JHA FEZ HH AA T A ey siste

S HYsteE B A 5H 0 /‘]ﬁgﬂd- Aoy F AEEo| 14.671 =3}
sk ouf-g- XAl FoFolti[1
X+ i]i‘ﬂ o]l /\}%0} °FE-2l temozolomide (TMZ)+= alkylating
= O

1 N
O
)
Z,
>
"y
o
il

agent®] ¢ = fEete] dAEE AATHL, 2]. DNA 3
5 %ﬁx}‘ﬂ 0°—methylguanine—DNA—methyltransferase (MGMT)4 <F
=9 AX Y bioavailabilityE 4 3F= transporter (¢, P—glycoprotein)
o] Mol & A el i AFAHES HolBE AMEE  gitkes A
7F k. AEES wl§ =ol 670€ progression—free survival (PFS)
15-21%°) Exat Ho AEEL 2652 oAF7t F3] B33 g2 o]
tH3-5] [2% 9].

H ozl "igh AdAdo] vig- =il FE7]AIE (cancer stem cell) &

715 3ke] AeS %8 side population®] E. 1o}, o] ME2] & ¥}Al
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< B M|ZF (glioblastoma, GBM)>

YA OtH M Z(glial cel)2t T HFMZOA 7| ¥ots 4T

https://indianmedtrip.com/wp-content/uploads/2016/05/Glioblastoma-Brain-Tumor.jpg
https://s-media-cache-ak0.pinimg.com/236x/4e/86/b6/4e86b6d8d7d3eb2f095212b8d3416e07.jpg
http://pubs.rsc.org/services/images/RSCpubs.ePlatform.Service. FreeContent. mageService.sve/ImageService/Articleimage/2012/CC/c2cc35131e/c2ce3513 1e-f1.gif

(29 9] wRAEZ(GBM) A3 A5A4 28 7]
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AAE B8 49 sbsdel AA Hgont FAR AREAS 37 9
& AR 1AATI B w6, 7).

APLES s = Hu%tﬂ(acute myelogenous leukemia AML) %] Eo]3gt
2, AN ZTHE dAA B3t dEHE F2 AXE At oA dF
ojt[8]. dWtA o ® ¢kFo &GS o]gste] HAEE At FUAE
o =], APLY AH+& 3 ol it #A s 52 o3 7[Rte =
§F E 4% & (targeted therapy) & Sl &tAlol sl W&3shA 9= WA
4 ol BAARE F3 oAF7F 548 dE 32 Ao oef
geh(8].

APL A=5E ¢ xAXx 5= 3} 25 (differentiation therapy)©] 3=
o, ol A e® wiEst AHe dAEE FIAA S AssE W
o2, APL #X}ef|Al all-trans retinoic acid (ATRA)E FoIste] SHMEE

9] (granulocyte) & F3MA| 1 © 24 273738l (complete remission; CR)
£ ol& & U9, 10]. Hx 2t gx}o Al ATRAE &= Fojstd %7

CREES HOo4 CR% 50d U AlgEo] 40%°l o]=2m, X = retinoic acid
Syndrome 59 AZsr A8 E Yehdths A7 o] s el oA X 7F 3]
CH11]. o)} 22 A9 oAH S FEdo = F3shA il Hof A&

J oz —’F Ql+= leukemia—initiating cells (LICs leukemic stem cells,
leukemia—repopulating cells S 2% E&r}h o] 7]Qst= Aoz A7ty
g, Adgle ¢AE Sl wstew] 2o LIC7HA] AAZ & = A=W
o] Jte]l @ FEH[2E 10]. LIC AAY surrogate marker® retinoid
acid receptor alpha (RARA) ©¥zd ® = o|&s7|= dch[12] (Fig.
6).

ole} & AR ofHEFE FHS] flel ATRAS BEF97}F 73t
HEXEA S 7ol gdkstd], AA »= 2E2o= (FDA) 9 s o
Az o=z 38t QW (CT) ¥ arsenic trioxide (ATO)7F AFE-% a1 1o}t A
o] w-¢ AgtA ol AE=Ado] A ol /AL oA 7t UH[13].

=

-
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<24 E L WEHH (promyelocytic leukemia, APL)>

- M@ENEFME CHAONM 0|22 MEI2 2 MEZZ ol b d A st
. —.—2}8 : all-trans retinoic acid (ATRA)
+ LICs M|A: arsenic trioxide (ATO)

A 2M
A :ATRJ\,AT{)

All-trans retinoic acid / \r\mnic Trioxide (As;05)

RN RHR ARA EH ]
Pt RARA CH 5 76

+

ML LICs 43

~ e

APL 5

Q g Blood. 2011 Jun 2,117{22):5795-802

10 FAREFNEY A8 AaA 44 714
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M3 dA7igdsrd HE & 22t

1. A+ Y&
7} BapA sghe] AN

<E(FD) A 9o dA>

A sl FEEY IHEd dAE T8 oAk 2E80e 52 e

v A8 2ok (a9 11]
ot AT WE
(1) A &AM Feist 259 F9add 574
b SA8E wdl FE=
- SAE G FEES TEAA U AU ol EAF W A
&, AR 7A FH O GolA AFHT SAYENA
— B Ao AFEEE &5 20139 H= Ross SeacllA] 23t
AFrEAE FE= 35971 (Sample No.
KES0516~KES2956) [Z28 12]
() orsry =3

@ rot&dAd: cell proliferation 97 T+ cytotoxicity =3I
@

— WA ¥F (glioblastoma, GBM): T98G A X
=

A=+ EY (acute promyelocytic leukemia, APL):
@ Fof v d5Ae a3 44, 71 LA} WA Al 5y
(2) 71 g4y B4 &4 vlw AT
J =

b 71E F4EA

;é]
A= EY (APL): ATO A
=

-+
— WRAZZE(GBM): TMZ AHE:

b 24 AER[aE 14]
— Cell proliferation assay (e.g. WST—8 assay)
— Cell toxicity assay (e.g. LDH assay)
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<2016'd 6 =& MAH|>
+ FZ3:Ross Sea olfl¥ O ¥E 3597 F=&==
o MIZHA: APL MZZF2I NB4, GBM M[ZZF2l T98G2t USTMG
- AlEBi(assay): WST-8 assay
+ 1, 2% screening Z1} cell proliferation® AXAIZI FEE HY (105 0[4h

.

FZEE: MHE Ross Sea SiY O|YE FEEZ 103 0|
MIZH|A:'NB4, T98G
AlE#: WST-8 assay, trypan blue 4 = 7|4, LDH assay

<CEZL A
. OZ2 71 SA, lobarstin (22 TS K 2)

4.

<Hga A4
« FZ=Z2: MYE| Ross Sea Y O|ME =5 105 0|4
«  MIZZH|A: NB4, T98G
« Al WST-8 assay, trypan blue &4 = 7<= LDH assay

HEZ: 7| & &2 M +lobarstin (H2%2])

(29 11] A58 2ok
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2013 23 Ross sea SHYO|MEA R FEE List

No. Sample No. Method Amount (mg) |Storage name| Notes
1 KES0516 cTD 25 CTD1-AS
2 KES0524 cTD 1.1 CTD1-B1
3 KES0567 cTD 1.0 CTD1-E8 + Ethyl acetate E=
4 KES0571 cTD 1.0 CTD1-E12
5 KES0573 cTD 08 CTD1-F2 .
6 KES0574 cTD 1.0 CTD1-F3
- A UZ
7 KES0576 CTD 07 CTD1-F5
8 KES0604 cD 06 CTD1-H9 <L
9 KES0605 CTD 14 CTD1-H10 N
10 KES0606 far) 1 CTD1-H12 * DMSOOY reconstitution
. (100 mg/mL)
.
351 KES2936 BN 1.1 BN3-D5
352 KES2937 BN 09 BN3-D6 « M=o Hel/zardd™
353 KES2938 BN 0.9 BN3-D7 (10~30 pg/mL)
354 KES2939 BN 1.3 BN3-D8
355 KES2940 BN 1.3 BN3-D9
356 KES2941 BN 08 BN3-D10
357 KES2942 BN 1.1 BN3-D11
358 KES2950 BC 13 BC-A8
359 KES2956 BC Ad BC-B4

[2¥8 12] 20139 3= Ross Seaolr A3 Yr|PEANT FEE

35978 (Sample No. KES0516~KES2956)
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Cell Viability Test: WST-8 assay

WST Formazan
WST ~ —— orange dyo
(2max 450nm)

gon

st

\mm

Viable Cell
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Cell Toxicity Test: LDH assay

Lactate
Dehydrogenase
(LDH)
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- FEE o5 A Oy 7 Y 249 F49 v
FE=9 FIEd 43
- 7| g BA dE5AY U] FEE9 | E F9Ed =4
WaAe: 71 g 24 dis A (RgE) A 5%
AP [2E 15]
(3) 10F ol A F=5 &4 54 [2¥ 16]

b A BRI ==E: 20139 9= Ross SeaclA] A3
An| P EA T F=E 3597) (Sample No. KES0516~KES2956)

(b F7t BE b FEE

- FAATA WG FA F2E FAA

—U

SEFE EoF wotof
A8 7ts

- FAATR A AR FAE fE FEE 2 A A0
T FAR[TLIE At A= A, w5, Y, FEE SR

B9 AR BgeE Ay A4 bs

2. AL Ay

7} APL MEZFA AT FE5=29 A
(1) 20163 6¥€ =8 449 1, 27 screening AHES HAES o] Ad

(2) AEE 12%[a3¥9 17]
. APL MEZFoA e d5Fo] g3 A%
(1) @5Fo] A3 [ 18~20
(2) 48 AR FE2E T 7€ AL ATO v dadirt o v
FEEZ T
Tk APL AEZFo) A9 Wafo] a3 H474

—_

f& FEE T 71% %Ohﬂm ATO tin] WaFo] Al g<tgat
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<3RHTA RS
S ES T

<7|8e FEE>
2013 = Ross Sea
YO MEAE
FEE 3593

ot 3 4

[1" 16] 10F o|F 54 =& 84 574
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—_ = =
<APL M|Z3Q1 NB40|AM2| 580 A" FE=>
No. |Sample No. Method Amount (mg) Storage name

1 100 KES2144 CTD 1.0 CTD18-D2

2 99 KES2143 CTD 1.0 CTD18-D1

3 20 KES2134 CTD 0.6 CTD18-C4

4 | 239 KES2337 CTD 0.9 CTD20-E1

5| 114 KES2161 CTD 0.7 CTD18-E7

61 115 KES2162 CTD 1.1 CTD18-E8

7 95 KES2139 CcTD 0.8 CTD18-C9

8 | 238 KES2336 CTD 0.6 CTD20-D12

9 | 240 KES2338 CTD 1.0 CTD20-E2

10| 118 KES2172 CTD 12 CTD18-F6

11| 119 KES2175 CTD 0.8 CTD18-F9

12| 109 KES2153 CTD 1.0 CTD18-D11
(AHE H=)

[28 17] APL A2 HAS =& A8 (129
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=47h
m72h
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2086“2
11

(joa3uod 9) JUnod |I9D

100 99 90

ATO

100 99 20

100

ATO

90

99

100

ATO

T )
o
8 2

0-

(josauod %) Aesse HQ

20

99

ATO

-

(joa3uod 9) Junod ||I2)

[719 18] APL AMxFeA ] d5Fo ayt A4 (#100, 99, 90)
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= 20 ;

7}

U 90 . — . — . 9 0-

v ATO 95 238 240 v ATO 95 238 240

_— _—

°120 3120

F - £

€ 100 - € 100

o o

v g0 - = Y go

X X

E 60 o] 60
]

3 40 v a0

S 20 8

= 20

G 5
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counting LDH
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counting LDH
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<GBM M|ZFQI TI8GOIA{2| Ao AIES FE=E2>

No. Sample No. Method Amount (mg) Storage name
1 102 KES2146 c1D 1.1 CTD18-D4
2 109 KES2153 CTD 1.0 CTD18-D11
E] 111 KES2157 CTD 1.1 CTD18-E2
4 148 KES2229 CTD 0.7 CTD19-C32
5 150 KES2231 CTD 0.8 CTD19-C5
6 151 KES2233 CiD 0.8 CTD139-C7
7 152 KES2234 CTD 0.7 CTD19-C8
8 154 KES2237 CTD 1.5 CTD19-C11
9 156 KES2239 CTD 1.0 CTD19-D1
10 159 KES2242 CciD 0.7 CTD19-D4
1 160 KES2243 CTD 0.7 CTD19-D5
12 162 KES2245 CiD 11 CTD19-D7
13 163 KES2246 CTD 1.0 CTD19-DE
14 169 KES2252 CTD 07 CTD19-E2
15 179 KES2268 CID 0.8 CTD19-F6
16 180 KES2283 CTD 06 CTD19-F7
17 182 KES2271 CTD 0.8 CTD19-F9
18 189 KES2282 CTD 08 CTD19-G8
19 190 KES2283 CTD 09 CTD19-G9
20 197 KES2291 C1D 1.0 CTD19-H5
21 201 KES22395 CTD 0.7 CTD19-HS
22 202 KES2236 CTD 0.3 CTD19-H10
*
(AHE H=)

[2% 23] GBM AlZFo1AM HAsh7] fle Ad F=E=(1)
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<GBM M| ZFQI T98GH| A 2] HE0| AT FE=*>

No. Sample No. Method Amount (mg) Storage name
1 20 KES2295 CTD 0.7 CTD19-H9
2 197 KES2291 cTD 1.0 CTD19-H5
3 202 KES2296 cTD 0.9 CTD19-H10
4 109 KES2153 cTD 1.0 CTD18-D11
5 162 KES2245 CTD 1.1 CTD198-D7
6 151 KES2233 CTD 0.8 CTD19-C7
7 190 KES2283 cTD 0.9 CTD19-G9
8 159 KES2242 cTD 0.7 CTD19-D4
9 102 KES2146 CTD 1.1 CTD18-D4
10 160 KES2243 cTD 0.7 CTD19-D5
1 156 KES2239 cTD 1.0 CTD19-D1
12 149 KES2230 CcTD 1.1 CTD19-C4
13 161 KES2244 cTD 0.7 CTD139-D6
14 165 KES2248 cTD 0.7 CTD19-D10
15 166 KES2243 CTD 09 CTD19-D11
16 167 KES2250 CTD 0.8 CTD19-D12
17 170 KES2254 CTD 0.8 CTD19-E4
18 171 KES2255 CcTD 07 CTD19-ES
19 172 KES2257 cTD 0.7 CTD19-E7
20 175 KES2263 CcTD 1.0 CTD19-F1
21 176 KES2264 cTD 0.9 CTD19-F2
22 178 KES2266 CTD 0.8 CTD19-F4
*
(AHR HF) (: €5 A2E 5T d8a §5)

[2% 24] GBM AlZFolAM HAsh7] fle A¥d F=5=(©2)
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WST-8 assay of T98G cells
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<GBM MIZFQl T98GOIM 2| HHO| AHEES FE=*>

Sample No. Methed
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KES2244
KES2230
KES2239
KES2263
KES2243
KES2295

cTD
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CcTD
cTD
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CiD
CcTD
CTD
cTD
c1D

Amount (mg) Storage name
09 CTD19-F2
0.7 CTD19-ES
0.8 CTD19-F4
1.1 CTD18-D4
0.7 CTD19-Dé
1.1 CTD13-C4
1.0 CTD19-D1
1.0 CTD19-F1
0.7 CTD19-D5
0.7 CTD19-H9
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