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Evaluation on MOA(mode of action) of Ramalin
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Evaluation on MOA(mode of action) of Ramalin

Purpose and Necessity of R&D
1. Purpose

Target evaluation and characterization on efficacy of Ramalin which is derived

from polar ocean

2. Necessity

There are no effective drug for the Alzheimer’s disease in now. The donepezil
which are acetylcholinesterase inhibitor, has been treated to patients, however
efficacy of donepezil is limited to MCI (mild cognitive impairment) patients.

Ramalin which is derived from polar ocean, was already defined anti dementia
effect from in-vivo study and evaluated on reducing BACE1 protein expression
from in-vitro and in-vivo study. However the mechanism of Ramalin is still

unclear. Therefore target identification study of Ramalin have to be performed

for further drug development process.

Contents and Extent of R&D
1. Evaluation of efficacy of Ramalin for reducing BACE1 expression
A. Study on BACE1 promoter

- Plasmid construction of various BACE1 promoters.

- Through luciferase assay and western blot analysis, BACE1 protein expression

was investigated under Ramalin treatment.

B. BACE1 enzymatic assay



BACE1 enzyme assay was performed for defining BACE1 inhibitory effect of

Ramalin.

MK8931 which is on Phase 3 clinical trail for Alzheimer’s disease, was used

for reference.
mRNA stability study for Ramalin’s effect

various constructs which have or deleted 3’ and 5 of UTR (untranslated

region) were generated.

After transfection of various constructs, BACE1 expression is tested under

Ramalin treatment by western blot analysis.

2. Additive target validation study

A.

Evaluation of candidates from GPScreen

5 siRNSs for probable candidates were generated and analysed by western

blot analysis.

with and without Ramalin, BACE1 protein expression was investigated using
siRNA transfected cell line.

HDAC inhibitory activity of Ramalin

Using in-vitro enzymatic assay, Ramalin’s inhibitory activity was evaluated
against HDAC 1, 2, 4, and 6.

Inhibitory activity of Ramalin against HDAC6 was confirmed by Reaction
Biology Corp. in USA.

Functional assay for HDAC6 inhibitory efficacy by Ramalin
Inhibitory effect of TNFa expression by Ramalin
Increasing tubulin acetylation by Ramalin

Improvement of mitochondria movement by Ramalin



IV. R&D Results

Purpose

Detailed assignment

Achieved results

- Plasmid construction of various BACE1

efficacy by
Ramalin

Study on .
promoters.
11| BACEL - There are no effect to BACE1
promoter promoter by Ramalin
1. Evaluation
of efficacy of - BACE1 enzyme assay was performed
Ramalin for 10 BACE1 by recombinant BACE1 protein.
reducing enzymatic assay| - There are no effect to BACE1
BACE1 enzymatic activity by Ramalin
expression - various constructs which have or
mRNA stability deltlated 3’ and 5 of UTR (untranslated
1-3 region) were generated.
study - There are no effect to BACE1 mRNA
stability by Ramalin
- 5 siRNSs for probable candidates were
Evaluation of generated and analysed by western
2-1 | candidates from| blot analysis.
GPScreen - 1 candidate were suggested probable
candidate by Ramalin.
- Ramalin has inhibitory activity against
> Additive HDAC inhibitory| HDAC 1, 2, 4, and 6.
target 2-2 | activity of - Inhibitory activity of Ramalin against
validation Ramalin HDAC6 was confirmed by Reaction
study Biology Corp. in USA.
Functional - Ramalin has inhibitory effect of TNFo
assay for expression.
"5 HDAC6 - Ramalin increased tubulin acetylation
inhibitory with selectivity.

- Ramalin improved mitochondria
movement.

V. Application Plans of R&D Results

Due to the global trend toward an aging society, neuro-degenerative disease such
as the Alzheimer’s disease has been rapidly increasing. These neuro-degenerative

diseases

psychological distress of family as well as the patients who need to care for the
patients. They are demanding socially astronomical costs for the steady increase
in the elder population. In this study, we confirmed the reduction of BACE1l

which occur with aging,

are accompanied by the economic

and



protease which is key molecule for A production, by Ramalin(polar ocean
derived natural molecule) and also Ramalin’s HDAC6 inhibitory mechanism for
anti-inflammatory efficacy. This study will contribute to the national
pharmaceutical field and economic development by providing the core knowledge
and skills for the effective prevention and treatment of Alzheimer’s disease,

especially the aging dementia.
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Table 1. A8 A wjl4- 74

(5] - Huibdd)
— R SI(H]Z)
o 2013 2030 2050
= 1402(32%) 2038279 2B
G20 J3.93(7E%) 564007 5% GEEHT 1%
OECD 18 08(41%) 27.98(37%) A3 65(37%)
= 17.00(38%) 25,6634%) 3915020
H== 27 84(52%) 49, 7666%) 96.2/71%)
] 4435 75,62 135.48

Alzheimer’s Disease International(2013), “Policy brief for heads of government:
The global impact of dementia 2013-2050"

Antiamyloidogenic Amyloidogenic
No plaque formation Plaque formation
APP
SAPPo SAPPB
neurolro‘Pgéf:, not neurotrophic AR
neuroprotective oligomers Amylmd plaque

BACE1 R
——- A

HARRRRERIPR—

Y l
Impalrment
co9 S AICD of LTP

ADAM10 overexpression, Inhibition of B-, y-secretase
second messenger cascades activated

Y

Figure 1. Amyloid cascade hypothesis: procedure of AB production in

Alzheimer’s disease
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1}, B secretase (BACE1)
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WA gAY EAN, ofdRol= dAAl @l H(amyloid precursor
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= ARYo] AA3] 7HA3H 2™ non-amyloidogenic pathwayoll A Zo] Al
¥ sAPPa A4 el S7HEh
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Table 2. &4 FDA $9¥ &=stolv A& A&~

. donepezil Aricept All stages 1996
2. galantamine Razadyne Mild to moderate 2001
3. memantine Namenda Moderate to severe 2003
4. nivastigmine Exelon Mild to moderate 2000
5. tacrine Cognex Mild to moderate 1993

ol9lo]] Fold FES EAFHA Fow W AFE E3Flo] AIf targetS Wl
oo wWE ok&Eo] siute] M1 vl EAH S E B-secretased] AME E3IF A
BAAES T gt =€ Eo] olFolxd g} Au] GAE EASA & UFE o

2

2 3ol A oleldk BACEL AdfjAle] a3=s A5ehA E3k Aejolr, o]o] Hx=<l
A Zpof g ebe Ao 2 AAS HaPslar QUth. y-secretase?] A& A= targetol
st =ado] Al ol &lo] # AHjoln, o]2 A3} y-secretasee] tld A 35| Al

Mo ZFurg Aejolth o] Qo] ARY £H AaAl sHEo] small molecule %

Aol old fae] Edvele] W ARy gzstolr] AR olsstu ot

—
2
-
=
&
of
(A
)
B
12
42
o
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Table 3. A &=sloln] Azlo] A& 5= oFR

it

=10 |

Jm
>

o
/ S - " "
A ARICEPT £ ™ Razadyne Namenda
AD M= donanazil HCI| wse Em:m f;.:;'.’_.:'w-ﬁ' =B R mesmantne HO
A Eisal/Pfizer Novartis J&J/Shirs Forsst/Marz/Lundbeck
R AChEI AChEI and BuChEl AChE| and nAChR agonist NMDA receptor antagonist
Mild. modsrats ;
FOA M$F s - ey Mild to moderate AD, PD Mild to moderats AD Moderate to severe AD
First- or second-line First or second line Monotherapy or adjunct to Aricept
4un AR gase soverities mild to moderate mild to moderate moderate to severe
 §] Oral Oral or transdermal Oral Oral
58 Oncs daily L:;;epglaé[rf capsules or once Once daily Twice daily
2010 Moy $3,767m $1,003m $443m $1,694m
Rald-atandard AD 04 Patch - Greater tolerability A common second-line ; §
Ha Gold-standard AD 95 profile alternative to Aricept Severe AD patients

A U ARE S MES fste A AFI AR AAHE ] 9
BACE1l A4l 7l % antibody S ©] &3 3 9A], &2 vaccine? &S th=
AALl A A= Folth SFAIRF AB vaccine®] -5 d/delA AdslaL, antibody

AAEE A 24 52 3dodAe asdsol Aullstr = Aol A= 2

riot
lo,
™
o
S
>
o%
ftlo
=2
s
ol
ol
9
o
k1
r o
N
o
:Cé
riot

ZH(Mild cognitive impairment, MCI)Z
oz AAS ARA st J= AAo|t) olet= W= BACEL AsjAl= 7)wt
=

¢l MerckAte] MKS89319] 74-¢- oA A9 g™ Eli Lilly Al LY2886721 °F& 9
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DEAL 43 Aew dedu ga, 20199 uiirE 9 33 A3ES Jdisa
o
Atk (B 4)

- - o - -7 =
Table 4. ¢=3tolm dgk Al AmA /W g

Mamenda XR (memanting) | NMDA receptor antagonist Neurotransmitter | Oral Merz, Forest Approved

Aricept patch (donepezil) Acetylcholinesterase inhibitor Neurotransmitter | Transdermal Eizai, Teikoku Seiyvaku Pre-registration

AN-1792 Beta amyloid Vaccine Beta amyloid Intravencus Janssen & Pfizer Phase |l
Fail {Feb 2003}

Bapineuzumab (AAB-001) | Beta amyloid mab Beta amyloid Intravenous Elan, Johnson & Phase Il

Johnson, Pfizer Fail (July 2012)
Bapineuzumab (AAB-001) | Beta amyloid mab Beta amyloid subcutansous Elan, Johnson & Phase Il (extended)
Johnson, Pfizer SC New formulation 2 2

AsaaTHE

Gammagard Polyvalent human oG Beta amyloid Intravenous Baxter Phase lll

(immunoglobuling preparation Fail (May 2013)

Solanezumab Beta amyloid mab Beta amyloid Intravenous Eli Lilhy Phase Il

(L¥2082430} Fail (Aug Z012)
Mild 2HAIE (I8 2S
Phase Il expedition CHAl
b B

Crenezumab Beta amyloid mab Beta amyloid Intravenous Genentech, NIH Extended Phass |l

Gantenezumab Beta amyloid mab Beta amyloid subcutaneous Roche Phase Wl

ELND-005 {(AZ0-103) Beta amyloid aggregation Beta amyloid oral Elan Phaze Il

inhibitor

Avagacestat (BMS- y-secretase inhibitor Beta amyloid oral BMS Phase Il

708163} Fail (Dec 2012)

MK 8931 BACE1 inhibitor Beta amyloid oral Merck & Co. Phase [l

o) = F] 3l o] * vt k35 =i
o gzstoln A& AsA AL FF AW L Do
o)l = = o) z] X - = 2 Ry ol o S
o Jx=sfolnjy ap Mo HHAH= ABE AR YR B2 AUt JYPH1

UA R F A Az Hol AMNTEA FkS

o J=3slojmge FHLs ATES T3l wg e WAYUSH A5 1Y E0
WAL ol Fal oAy THA A mATE A HAJAARE BF QA ES st
A ZPE

® o= AF7HA W dzxstolw MW V| HE vRoR WdE XsAE] F
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o = B FH oFFo] =X o] T acetylcholine? ## g
olt}. o] 9o &= HWEl-ofURo| =] 28-S A gt

Table 5. =] A vjA 54 Alep/id = (20154 71+)

7\ HAPNE FQU8 AR A

HANEA(Osmotin) 5 7|& Samiolz 7lso]#
Y B3] 249 55 9 4 PCT 24, =58 &%

gk olzalo|ma Xu] AlSF TREA DWP 09031 A4
FolAleE | FolHAEE FHoE HEE AloF A 7Y oAt 94} oA
E7IHE AR BA FEAS S dste] oAb obRlaL PhA

7l&old

it

14:1
fiex.

MAEEE | Saa gue wstel «%H S U 12008 A9 | 24 27 A9
ook fﬁ?_g_ﬁsﬂflfg“ﬂfw HEFE), R T | oo 4%
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U] A ZFZA A 2009 720 Aol A 20121 4,000 ¥ o= FA3] A e}
I Q3 FF AHELS 20%HAER dAE 202030 = o 22 FToE =
Aog diEol v (F 6). wlolA AREH = tE A A viX] 41+ Aricept,

Exelon, Reminyl, Ebixa’} 7}% o] Al&%¥ 1 it}

Table 6. 20140 A vf 2] ZA] o] &g

HEE HZA 20134 20144 B8
Aricept ofjz}o] 398 415 4,1%
Exelon LeHbE A 147 149 1.3%

Ebixa e 59 54 -8.8%
Reminyl kAl 62 43 -29,7%

Qe 20dE F1E of 2wy S Aom FabE A gl (™ 2). AvekAt
T dzstolr A& of 71.3%, E8d Avl= 169%7F AA|stal 9lew, olF
B A= 17.4%, B=Av 414%, 5% Al 25%, T5 X7 155% = H L% il
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At olg g #AEE B Fol® oW V7 AFES] 1 A AAA W&
ol BietA Aadtt A =l Aot AHAE ALE] FAAH HEL 20139 7]E
112 7000919 $Folm, 2050dolE 432 2,0009 9744 S71e Aoz o =5 o
A5 (& 7).
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(9:z24)
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Figure 20. Ramalin inhibits HDAC1, HDAC2, HDAC4 and HDACS.
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Figure 22. Ramalin has anti-inflammatory effect
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Figure 23. Acetylated histones and tubulin level under Ramalin treatment
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