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Dual specificity, tyrosine phosphm'ylatlon activated kinases (DYRKSs)

« 538 kinases in the human kinome
regulate protein phosphorylailon
&o
* DYRK1A gene Iocatedﬁn
chromosome 21

&
<
 Abnormal DY&K1A kinase activity
involved in ngnltlve disorders
(memoryéaefearnlng) associated with
Down es"yndrome (DS) & Alzheimer’s
dlsq}gﬁse (AD)
"0604
fgﬁonhibiting / normalizing DYRK1A
_ _ @0*"‘@ corrects cognitive disorders in
DYRK1A is a Ser/Thr kinase | &

7 splice variants, 5 isoforms (~60-85 kDa) & animal models of DS & AD

Q
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Dyrk1A (21922.13)
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DYRK1A inhibitors as therapeutic-drugs in DS and AD

S . R
<> ' {J‘?7
O )

People with Down Syndrom@ R People with Alzheimer’s Disease
§

@
&

S
QJQ& N
* Gene located in the DS critical rgglon
« DYRK1A overexpressed and @»?er-actlve in DS
 DYRK1A phosphorylates kgyasynaptlc & cytoskeleton

i
I
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I

I

proteins I
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I

@K
/\0&
Protein and mRNA overexpressed in Qu’man AD brain
 Calpain-induced DYRK1A cleavage ¥ human AD brain
DYRK1A phosphorylates key regqtiators of AD (Tau,
APP, Presenilin, Septin, Neprylyém)

DYRK1A primes GSK-3 subsffates

DYRK1A regulates Tau mRﬁA splicing

DYRK1A inhibitors corr@e‘? cognitive impairments in AD
animal models (3XT§;¢AD APP/PS1, AB25-35)

* Excess DYRK1A dysrqg%lates Tau mRNA spllcmg

« DYRK1A inhibitors cp?rect cognitive impairments in
DS animal model@

* Genetic normali#ation of DYRK1A level corrects
cognitive mg@?rments

«9‘”“’(@ &
0 10 20 30 40 50 60 70 %80@
| | | 1 | | | 6\(‘
T v T o
Z= &
Intracellular AB AR plaques Tau tangles @\*‘Q’ APP,. BACE2 & DYRK1A genes
AD Neuropathology Dementia & Are located on chromosome 21
OO
©
o>
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From marine natural product to I;%gﬁ'cettinib-21

@

............................................................................................................................................................................................. %......................................................................................................................

50,000 compounds library screened on DY@K?A
0\ 3 _
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° &
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bQQ &00
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S (maffne calcareous
«'Q.A 29
© sponge)
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Chan GW et al., 1993. I@{A‘?Ieukotriene B4 receptor antagonist: leucettamine A and related imidazole alkaloids from the marine sponge Leucetta microraphis. J Nat Prod 56‘5\_ 6-121.

Roué N & Bergman J, 899. Synthesis of the marine alkaloid leucettamine B. Tetrahedron 55, 14729-14738. Q}\)

Watanabe K et al., 2000. A new bioactive triene aldehyde from the marine sponge Leucetta microraphis. J Nat Prod 63, 258-260. ;Q;\

Selvaraju M & Sun CM, 2015. Unprecedented one-pot chemocontrolled entry to thioxoimidazolidinones and aminoimidazolones: synthesis of kinase inhibitor Ieucett@ne B. ACS Comb Sci 17, 182.
Drazi¢ T, Mol€anov K, Jurin M, Roje M, 2017. Synthesis of marine alkaloids leucettamines B and C by 3-lactam ring rearrangement. Synthetic Communications@@, 764.

Loaéc N et al., 2017. Marine derived 2-aminoimidazolone alkaloids. Leucettamine B -related polyandrocarpamines inhibit mammalian and protozoan DYRK &/g,‘k kinases. Marine Drugs 15, 316.
Keel KL, Tepe J, 2020. The preparation of (4H)-imidazol-4-ones and their application in the total synthesis of natural products. Org Chem Front. 7, 3284. &

X
Reviews on DYRK1A & inhibitors \)Q
Nguyen TL et al., 2017. Dual-specificity tyrosine phosphorylation-regulated kinase 1A (DYRK1A) inhibitors: a survey of recent patent literature. Expe: pin Ther Pat 27, 1183.
Jarhad DB et al., 2018. Dual-specificity tyrosine phosphorylation-regulated kinase 1A (DYRK1A) inhibitors as potential therapeutics. J Med Chem g4, 9791
Pathak A et al., 2018. DYRK1A kinase inhibition with emphasis on neurodegeneration: A comprehensive evolution story-cum-perspective. Eur ,@SI\ed Chem 158, 559.
Arbones ML et al., 2019. DYRK1A and cognition: A lifelong relationship. Pharmacol Ther 194, 199. e’b
Laham AJ et al., 2021. DYRK1A: a down syndrome-related dual protein kinase with a versatile role in tumorigenesis. Cell Mol Life Sci 78{&03.
Maria de Souza M et al., 2022. DYRK1A inhibitors and perspectives for the treatment of Alzheimer's disease. Curr Med Chem 30, 669(\0)
Yang Y et al., 2023. Function and inhibition of DYRK1A: Emerging roles of treating multiple human diseases.. Biochem Pharmacoézﬁ, 115521.
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From marine natural product to I;%@eﬁ'cettinib-21

N
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50\,l 000 compounds library screened on DY§K1A 2005-2018
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From marine natural product to I;%gﬁ'cettinib-21

............................................................................................................................................................................................. e e,
50 000 compounds library screened on DYRK1A 2005-201 8
N v\”
Le\ucettamine B (natural product hiL)@
‘Z’Q @'d
(medicinal chqm?lstry +500 products synthesized) <
\ \\oo 1 patent, 2007 ee\‘e%
..................................... LeuiettmeLM(LeawF’roofofConcept) o
S
ol b AN— ,-,Q ................................................................................................................................................................................................................................................................. \)..
J (medicinal chemistry: +670 products synthesized) 201 9_2Q2§
N &
Lgﬂcettlnlbs EMD-10, -92, -173 (Leads 2, PoC) 1 patent applicgin, 2020
3 patents appllcatlons
&N & 2021
(éb@" Leucettinibs (multi-parametric selection of candidates short Igs?) '
+ N o
; WEINe=Nut (gl o224 W (clinical drug candidate) 9&&66
\l 'e?b@
Regulatory preclinical toxicology studlega _
oo(\ée%
‘13’©

Q
FROM SEA TO PHARMACY v CONFIDENTIAL




From marine natural product to Lgucettlnlb-21

NH \>

X : QJ@Q
Ny
o @ &
Leucettinib-21 <&
ICs0 (DYRK1A): 2.4 nM &

0= )

Leucettine L41

iso- Leuge?tlnlb-21
IC50 DYRK1A: >10 uM
Kmasé Inactive Isomer)

e’b
Lindberg M et al., 2023. Comparative efficacy and selectivity of pharmacological inhibitors of DYRK and CLK protein kinases. J Med Ch ¢ 66, 4106.
Deau E. et al, 2023. Leucettinibs, a class of DYRK/CLK kinases inhibitors inspired by the marine sponge natural product Leucettami .J. Med. Chem 66., 10694.
Lindberg et al., 2023. Chemical, biochemical, cellular and physiological characterization of Leucettinib-21, a Down syndrome and A@ eimer’s disease drug candidate. J. Med. Chem. 66, on-line.

Q"l/
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Leucettinib-21, not iso- Leucettlnlb*-21 inhibits DYRK1A activity

&O

Q,iso LCTB-21
& LCTB-21 (IC50=0.036uM)

in HT-22 cells

O
1504
—~ & HT-22 cells are m:erﬁortallzed
&0 y mouse hlppocgﬁ%pal cells
..Z‘ 5 ‘ee’é
.grz} C .\\\ro&
6\&5 DC> 100 o"’b@
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fobg @© S e}’"&o
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S < (@)) 490
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@e{b e E 50_ &
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S > £ . $
OO D ~— \66
© 2 - )
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v 2 1 NG
~ i o0
.Q"Ob
0 T T TTTI T TTTTI
‘ S
0.001 0.01 0.1 1 O&Q?I 0
Concentration W)
«9‘?’
Lindberg et al., 2023. Chemical, biochemical, cellular and physiological characterization of Leucettinib-21, a Down syndrome and Alzérfners disease drug candidate. J. Med. Chem. 66, in press
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Leucettinib-21, but not iso- Leucej;tlnlb-21 iInhibits the
phosphorylatlon of DYRK1A substrates in SH-SYS5Y cells
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iso- g}éﬁcettlnlb 21 concentration (UM)
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Lindberg et al., 2023. Chemical, biochemical, cellular and physiological characterization of Leucettinib-21, a Down syndrome and Alz@grfners disease drug candidate. J. Med. Chem. 66, in press
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Benchmarking Study

KO

56 reported DYRKSs/CLKs inhibitors tested on 12@&?@%3
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Kd: 0.28 nM
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Chem. 66, 4106-4130.
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Lindberg, M et al., 2023. Comparative efficacy and selectivity of pharmacological inhibitors of DYRK and CLK protein kinases. J
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Leucettinib-21 is orally available .~

§

Pharmacokinetics in Wistar han rats &
<9
.\@Q’v
(\QJ
—_ - Qvgb
-
£ 1000 7 °
B E‘\\%‘Z’
2 )
c ol
O 48
= P00 -
D
5
S O ‘
S 65 10 -
& © :
& - ] S
& o _ &
.@roe 0 ‘%‘Z'@
S - 1 1 <
= = g —————————— 2 nM Leucettl(n‘b 21
‘fP@ () 1—®— 0.4 mgkg IC@,@ on
o » | —O— 4.0 mg/kg @@RMA)
)]
e 0.1 + 40 0 mg/kg &6
; o
0,0 10 20 30 40 50 603“”
0(\
T Time (hrs) &
&
Leucettinib-21 Vehicle: g%mphor EL / NaCl 0.9% (5/95)
Q
@00
K

FROM SEA TO PHARMACY

v CONFIDENTIAL

13



Efficacy in Down Syndrome and Ae1zhe|mer s Disease Rodent Models

Leucettines and Leucettinibs correct their cognitive gmpalrments

&
a Leucettines v\; Leucettinibs
&
e“”° N Five Down Syndrome models *“”d

Three Down Syndrome mouse Tg(Dyrk1a) mice (Y. Hérault) (LCTB-10, -92, -21)
models _ & Dp(16)1YeY mice (Y. Hérault) (LCTB- 21) ‘%ec\"’

Tg(Dyrk1a) mice o Ts65Dn mice (M. Dierssen) (LCTB-21) &

Ts65Dn mice R Dp1Tyb mice (V. Tybulewicz) (LCTB-21) &

Dp(16)1Yu mice & DS rat model (Y. Hérault) (LCTB-21) @0«’\0

N 4$\e>
L";%Q':he'mer s gisease mouse Seven Alzheimer’s disease modelss"
5 ICV-i ted AB25-35 tid ice (LCTB-10, -92, -21
ICV |njectecg<A[325 -35 peptide (Amyg\ejﬁfe P peptide In rm ° )
APP/PSJ@Q&‘§9 mice 5x-FAD, Denali APP-KI modg# (C Lemere)
R T del (Remynd &

One AIzhelmer s disease rat model Aztijng]?ate (éo§$¥t? ) %s?’@

AAV APP/PS1 y Streptozotocin ICV—irg@cQ:ted rat (Portsolt)

Goto-Kakizaki T2DQ#at (J. Movassat)
HSV-1 infected gefce (G. De Chiara)

Naert G et al., 2015. Leucettine L41, a DYRK1A-preferential DYRKs/CLKSs inhibitor, prevents memory impairments and neurotoxicity induc@?/ oligomeric AB25-35 peptide administration in mice. European Neuropsychopharmacology 25, 2170-82.
Nguyen TL et al., 2018. Correction of cognitive deficits in mouse models of Down syndrome by pharmacological inhibitor of DYRK1A. D| 'se Models & Mech 11, dmm035634.
Souchet, B et al., 2018. Inhibition of DYRK1A proteolysis modifies its kinase specificity and rescues Alzheimer phenotype in APP/PS ofice. Acta Neuropath Comm. 7, 46.
Souchet B et al., 2022. Cerebral phospho-tau acts synergistically with soluble AB42 leading to Mild Cognitive Impairment in AAV- A@ ts J. Prev. Alz. Dis. 2022, http://dx.doi.org/10.14283/jpad.2022.18.
Q‘lx
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Leucettinib-21 corrects cognltlve Mpalrments in Ts65Dn mouse model

Oral gavage administration (0.4 mg/kg daily for 10 ghéys) rescues memory impairment in Ts65Dn mice
(Novel Object Recognition test)
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Lindberg et al., 2023. Chemical, biochemical, cellular and physiological characterization of Leucettinib-21, a Down syndrome and Alz@grfners disease drug candidate. J. Med. Chem., in press
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Leucettinib-21 corrects cognltlve crmpalrments in Ts65Dn mouse mode

Oral gavage administration (0.4 mg/kg daily for 10 gIéys) rescues memory impairment in Ts65Dn mice
(Novel Object Recognition test)
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Lindberg et al., 2023. Chemical, biochemical, cellular and physiological characterization of Leucettinib-21, a Down syndrome and Alz@gdners disease drug candidate. J. Med. Chem. 66, on-line = T865Dn
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Molecular mechanisms of actlon @f Leucettinibs

Relevant biomarkers for Down Syndrome and Alzheﬁ‘mer s disease
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Molecular mechanisms of actlon @f Leucettinibs

Down syndrome: X 1.5 expression & activity ofbf)YRK1A
Alzheimer’s disease: calpain-induced LMW<B°YRK1A more active & more stable

Abnormally increased DYRK1A
kinase activity observed in DS
(Dyrk1a gene on chromosome
21) & AD (activation by proteolyu&:
cleavage) leads to cognitive 6@"
impairments (spatial & Ieargﬁ?mg

e\
&

(4
&9

Inhibiting DYRK1A's excess
activity corrects cognitive
impairments (memory, learning)
associated with Down Syndrome
& Alzheimer’s disease

Chromosome 21 contains the Dyrk1a
gene as well as the genesgf Amyloid
Precursor Protein ( APPO)&and BACE?2
(APP-Cleaving Enzyme) 3 key
players in the dev pment of AD.
People with DScﬁave a very high risk
to develop e@ﬁy -onset AD, and all

memory) 08\@%6@ develop d@eﬁ\entla later
\ooq}&z? ‘\Q@?“
@5& {\%e"f Synaptic plasticity,
< e » vesicle dynamics,
- Synapses Phosphory?atlon of .-~ stability, turnover
m R R - pre-/pqs’f’ -synaptic !
prot@Fns i
I &
0&‘” Neuronal connectivity
Leucettinib-21 @6"’

Sources: Arbones ML et al., 2019. DYRK1A and cognition: A lifelong relationship. Pharmacol Ther 194, 199. / Laham AJ et al., 2021. D
603. / Atas-Ozcan H et al., 2021. Dyrk1a from gene function in development and physiology to dosage correction across life span in

1A: a down syndrome-related dual protein kinase with a versatile role in tumorigenesis. Cell Mol Life Sci 78,
@Vn Syndrome. Genes 12, 1833. / Lindberg MF & Meijer L, 2021. Dual-specificity, tyrosine phosphorylation-

regulated Kinases (Dyrks) and Cdc2-like Kinases (Clks) in human disease, an overview. Int J Mol Sci 22, 6047. / Deboever E et al@ 22. The omnipresence of DYRK1A in human diseases. Int J Mol Sci 23, 9355.
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Leucettinib-21 displays a Wide Safety Margin

\
©

%6
«8”
&
o .
Preliminary toxicity GLP 4-week
MTD/DRF toxicity with
recovery

Oral administration Oral adminigb‘?%tion Oral administration Oral administration

14 days 21 di‘éys 28 days 28 days
40, 80,140 mg/kg @i‘fmg/kg 45, 90, 180 mg/kg 10, 20 mg/kg

6 animals / group Q\Cénlmals / group 20 animals / group 20 animals / group

©
(19‘]/

@'d
Preliminary toxicity G%lsﬁe4-week
MTD/DRF b%e,c‘foxicity with
&6\\%‘ recovery

Oral administration
v
10 days @ 28 days

Oral administrationoa@

30, 100 mg‘fkg 20, 40,100 mg/kg
4 an|m@&§ / group 6 - 8 animals / group
‘\\°°
o

No mortality, severe toxicity or deterioration of clinical conditions were appag\e‘nt following repeated oral administrations of
Leucettinib-21 at doses up to 45 mg/kg in rats, and 100 mg/kg in minipigs.
The main toxic effects were haematological changes with a decreaé‘e in lymphocytes and in red blood cells and
histopathological lesions in several organs. These effects were dose de %dent

The NOAELs were established as 20 and 100 mg/kg in rats and ou‘nnlplgs respectively (well above the pharmacologically

90

<

active doses in rodents at 0.3 to 0.5 mg/kg) suggesting a S|gn|f|can{x%afety margin.

FROM SEA TO PHARMACY

CONFIDENTIAL 19



Leucettinib=21

&0
%

OVGFVL@W of CMC data

?gb

<SMP Drug Substance
Q

« Completed production of 1 kg GMP drug substance batch with S@@Q
« On-going 36-month stability study é@gf\o
*  99.8% purity ‘\%{e&
°
~
GMP Drug Product (Qe}

* 60 mg immediate release minitablets contalnlng 3‘% mg of drug substance

» Completed production of around 20,000 GMR‘fablets including 3,000
placebo tablets &

]
\b

* 18 months expiration support \oo
*  On-going 24-month stability study &

N
B9
R

Phase 1 Clinical Trial Materlz—;)lsz

* Release of tablet vials tqrsfhe phase 1 clinical center expected in December
2023 e’b

Immediate release minitablets are adapted to a 0(9{@
pediatric population since they combine the @0
inherent advantages of oral solid dosage form g

S
and the possibility of personalized dosing. FROM SEA TO PHARMACY
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Phase 1 clinical StUdy (LGUCGtt&)“ﬁYves DONAZZOLO, Eurofins - Optimed, Grenoble)

N\
©

Double-blind, placebo-controled safety trial &096
PK and PD data, plasma proteomics & phowﬁoproteomlcs

............................................................................................................ @@
X
Leucettlnlb 21 o &
cQ\\ /\03@
& &
Single Ascemﬁlng Dose (SAD) (single dose) & |
5% (5, 10, 20, 20 bid, 40, 60 mg - 48 participants: 6 LCTB-21 + %ﬁ?acebo /dose)
% ,\O :
Fog@f Effect (FE) (single dose) @@"’
O@ (20 mg — 12 participants: 6 fed/ 6 fasted — cross- overég)ev
& . &
- & Multiple Ascending Dose (MAD) (daily for 14 days)
%éf’o (20, 20 bid, 40 mg - 36 participants: 9 LCTB- 2°f + 3 placebo /dose)
(19‘1/ Q}o«z’ﬁo
| Single Dose (Adult DS patients) &
(20 mg LCTB-21-12 part:c:pants) 3
\)(\
Single Dose (AD MCI patients) o
(20 mg LCTB-21-12 pan‘lgjbants)
Qo(\& .......................................................................................................................................................................................
(£b©
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