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Onkologie: nové pristup
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 relativné nizkd Gspésnost 1€€by nékterych nddorovych onemocnéni

« které procesy potrebujeme ovlivnit, aby byla moznd selektivni eliminace nddorovych bunék?
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Priklady signdlnich drah, které reguluji bunécnou proliferaci
a mohou byt mutovdny v ndadorovych burkdch
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(e.9. TGFB)
Gs»é-sp l
APC TCF
\ TGFBR
Cells > —_— p-Catenin:TCF
\ p16
> CdC42>» P13K———> Rac ——— 1
- \
ECM > (Integrins ) > | Cycl D:CDK4 — p15¢———————— Smads
FAK
| Sre —PCas-PCrk-\\ : 0 I| :
1 Rb —HPV E7 7 1
10 1 PJ2_7< ———————— =
A E2Fs A
NF1 PKC Mos MKKs—>JNKs > Jun v /—» Cycl E:CDK2 — p21 < ———
Y, N Y y I —

Growth Factors Grb2

/
1 Abl
Hormones !

— I
(e.g. Bombesin) > > G

ﬂ}\k k’

v

(0. 16Fa) > (BTK)>gog > Ras >Raf ->MEK-> MAPK —>MAPK —>EIK—>Fos > [ Changes

r

Mad:Max —————p

MEKK ——> Myc:Max ———>»
CdC42 —> Rac = Rho
Prot->Ad Cycl > PKA—— > CREB

(e.g. Estrogen)

Survival Factors
(e.g. IGF1)

A

7

&

“DNA damage 3

Cell N, sensor _ -
in Gene Proliferation
Expression (Cell Cycle) p53

e S

k\mwom)

i

I
: > NHR (e.g. ER) > Bax
I \
! > NF- » NF- ——— > i
: / PKC NF-xB NF-xB Stat 3.5 Mitochondria
Y
! Cell Death | ¢ < 4/& Bcel 2
- (RTK) —> P13K—> Akt > Akka — IkB (Apoptosis) | «——— Caspase 8 «<——— FADD
\4 7 Stat 3,5
v PTEN
Casp:se 9 FAP —|
Cytochrome C
Statias ————— > Bel XL { T } Bcl 2 (ecoy B —
? { Bad > Mitochondria «————— Bid Death
Jaks e @ o Factors
A (:Ab::::;"ty Y———> Bim, etc (e.g. FasL)
Zomnaal

Cytokines __""

(e.g.IL-3/6)

Hanahan, D; Weinberg, R. A. Cell 2000,100, 57.
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Imatinib: prelom v oblasti kinazovych inhibitora

imatinib (Gleevec)
N-terminal

lobe
N*™~
HN)\\N I SN .
cn, 1 catalytic Gleevec
cleft )
EN - activation
0 N3

C-terminal
lobe

2001: revoluce v [é¢bé chronické myeloidni leukemie
velkd ¢dst pacientl prakticky vylééena
90% pacientl: doba doZiti >5 let

> intenzivni vyzkum inhibitorl proteinovych kindz
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MiZeme najit dostateéné selektivni modulator?

r) (S ¥ (O

« pomérné maly klic* (M < 500 g/mol)
- tisice ruznych ,zdmka"

+.zdmky" mohou pozménit tvar
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K dispozici je nesmirné rozsahly ,chemicky prostor"

Th le of th
CHEMICAL & ENGI(NEERING'NEWS Ch:rﬁfcaa?uomvefse
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Drug-like small molecules in
chemical space
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Potential compounds in Merck
. KGaA's Merck Accessible Inventory
: (MASSIV)
As more chemicals
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Small-molecule drugs

Sources: Med Res. Rev, 1996, 16, 3; European
Space Agency: Dru quo vy Today 2019,
IJO} 10.1016/.drudis.2019.02.013; DrugBank
Online.
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Identifikace vychozi (,lead™) slouceniny

vysokokapacitni (high-throughput) screening
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molekulové modelovdni
& intuice

zndma aktivni sloué¢enina
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.in silico™ pristup

: \ (5,000,000 compounds)
34 PH domain structures 5 P .
Molecular docking

PSSM of PH domain

(10,000 compounds)
Pharmacophore filtering

Identify secondary structure &

homologY.model templates GAB1 PH domain (2,783 compounds)
using PSSM 3D model '
; Cluster analysis
¢ >
. 1 IR~
Homology modeling Ve w)\\?\\\
A \3!' \ |
) ;
¢
Loop refinement -
(20 hits)
\ Experimental
Further refinement validation
using MD simulation @

Five active GAB1 inhibitors
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Proteinové kindzy

>500 enzymi (ca. 1.7% lidského genomu)
ATP fosfotransferazy
- katalyzuji reverzibilni fosforylaci
- ddlezity signdlni mechanismus

- regulace mnoha procest v burice

i

inhibitory proteinovych kindz - .hot topic"
v sou¢asném (farma) vyzkumu

(>70 substanci schvdleno pro klinické pouziti)

MASARYK UNIVERSITY
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Phosphatase Kinase

Transition
state

D127 ls

D145 / /
Peptide substrate

Roskoski, J. Pharmacol. Res. 2016, 107, 249. 10
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Inhibitory kindz: Iéciva
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Nat. Rev. Drug Disc. 2021, 20, 839. 11
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Podobnost proteinovych kinaz
human kinome: >500 kinaz

Manning, G. et al. Science 2002, 298, 1912.

His89
Pro136

Gin85
Glu137

Arg141

12
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Proteinové kindzy: testovani inhibitord

Kinase o P81 paper LSA-50 paper
Substrate

Substrate + AIP

@Dt - @

—_— Vs

M = 500 g/mol
IC50 = 10 nmol/l (10 nM)

Reskaual CoVIOM actiity (%)
2 & 8 & 3
L
-
kY
|
'1.

N e Scintillator

= 0.000005 g/I
= 5 Mg/l KinaseProfiler™ Assay Format
=) o)
@p ++
. M
M Substrate
Substrate .
Negatively
Charged
Filter
Membrane
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Selektivni vs. neselektivni inhibitory
(IéCivo vs. selektivni ,sonda™ pro molekularni biologii)

*  hleddni selektivniho ,klice" = inhibitoru pro pouze jeden z vice nez 500 velmi podobnych ,zdmku" - kindz

W "
@
Staurosporine Imatinib Lapatinib
neselektivni selektivni vysoce
inhibitor inhibitor selektivni
inhibitor

14
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.Nové" kindzy

CAMK

MARK1 @O MARK3

Nat. Rev. Drug Disc. 2021, 20, 839.

www.muni.cz
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Typické inhibitory ,novych™ kindz

HN‘N
H H =N
NN A N~
T oncogene 2012, 31, 1408, ry Cell 2018, 175, 171.
SN HoN "¢l
CHR6494 BTX-A51
ICsy (Haspin) = 6 nM ICs, (CKla) = 34 nM

TCsy (CK15) = 6 nM
IC50 (CK].E) =21 nM

412 human kinases @ 1 uM (Eurofins)

Inhibition

Inhibition
. 100 - 90 % s . 100 — 90%
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X
5
. g )
CMGC, ’! ?
] 2
. % ”
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@ <%
e
CK1
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Stage 1
Drug
Discovery
Stage 2
Pre-clinical 250
Development Compounds
Phases
Stage 2 5 (o} Effect on body
Clinical Compounds | Safety in humans

Development ; —
I Effectiveness in targetlng d|seases

1] Larger scale safety and effectiveness

IV Long term safety

Regulatory approval

‘ 1 Compound
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HN HN
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SN SN
CDK2 ICs = 8 nM €DK2 ICs, > 50 000 nM

18
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Identifikace biologicky aktivnich sloucenin je (stdle) znacné empiricky proces

Arigewandte
.‘ International Edition Ch emie

wwn.angewandie.org

2011-50/12

WWILEY-VCH

organicka chemie: dcinné postupy k pripravé novych sloucenin
.molecular Lego"

£ %

19
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Molecular

— SAR Modelling
Nz s
Evaluation TN ~ MOE
= g% 168
KNIME ‘ ‘ _’_‘
7
S
In vitro DMPK #@ CompOt.md
and Biological ) H |- synthesis &
Testing 'T L | ‘ ‘, = Eva|uati0n
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Inhibitory kindzy CK1

F F
Pd cat.
=N :> _ coupling Br _ - _

PF-670462 . A . .
15 potencidlnich ,hinge binders" nainstalovano
F
w“ & X
VN867-PF670462 =0\ !\\i Al VN-659-VN725
Inhibition N= A Al th 3 ; Inhibition
@ 100-90% N / LN \ ‘~|‘(5rz~ / @ 100-90%
® 90-50% _ =\ =\\\/f 1, LV ® 90-50%
=
<50% : N7 °*  <50%
CMGC &
mm'.:m
205 human kinases —

(1 uM, Eurofins KinaseProfiler) =

..."

-
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Ruzné cesty pripravy inhibitord kinazy CK1

Rifo
route A H
for hinge binding K,CO3
motif (R%) modifications DMF

R? route B
R-NH, -+ )\ Van Leusen
Ts NC Imidazole Synthesis
R* = (het)Ar

OH route C

F F
i especially for R* = F-pyr
R'=cyclohexyl 5 & o
i R o .
ROMs NBS Br__ Suzuki o TS)\H)LRZ
-
— = 207
N  R's(het)Ar N NN
/ N ~7 208
HN~7 Chan-Lam R’ Ry
62 63 64
R'=cyclohexy .
route E or (hehAr 1. Br,
R* R* R* 2. Suzuki _ N
,/< 1. n-BuLi, TMEDA I route D
= 3. NaOH -78°
(§O (CF3C0),0 o NH;OAc [ N THF, -78 °C HN X - "
R1/NH K2CO; R1/N O AcoH R 2. E* — NI
PhCH, CF, CF3 O/
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Drug Discovery Process

Cellular &
Genetic Targets

Genomics

Proteomics

Bioinformatics

Target
Selection

Synthesis &
Isolation

Combinatorial
Chemistry
Assay

Development

High-throughput
Screening

Lead
Discovery

Library Drug Affinity
Development & Selectivity
Structure Activity Cellular
Studies Disease Models
In Silico Mechanism
Screening of Action
Chemical Lead Candidate
Synthesis Refinement
Medicinal In Vitro
Studies

Chemistry

www.muni.cz

Animal Models
of Disease States

Clinical Trials
& Therapeutics

Behavioural
Studies

Functional
Imaging

ExVivo
Studles

In Vivo
Studies
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Inhibitory kinazy CK1
« inhibice CKla : novd moznost 1éCby leukemie AML

Cell 2018, 175, 171.; N. Engl. J. Med. 2018, 379, 1873.

. déinné/selek;rivni CKla inhibitory dosud nejsou zndmy

HN Ns

N \_~
R*

RN S

);

N= |
)\\ L change of )
HN N . g T hinge binder n::w
N\//N (moderately SN . .
O/ selective inhibitor) binding mode
>1I70
analo
PF-670462 : .gs
LCs0 (CKlar) > 100 nM - e,
.ﬂfgv
sV

in cellulo activity

and selectivity HN—( =

\=
M’ MU1742
in vivo bioavailability high quality

and activity

CK1 chemical probe

150

. MOLM13
IC50 0.4 M

_, healthy PBMCs
IC50 18.8 uyM

primary AMLs
IC50 1.3 M

high 10%
selectivity

MU1742

| ICys (CKlo) = 7 nM
IC,, (CK15) = 6 nM
IC5O (CKIS) = 27 nM

T T 1
107 10 105 104
concentration (M)

PK-13-68
Inhibition

‘ 100 - 90%

VS.

BTX-Ab51
IC50 (CK].(X,) =34 nM
ICs, (CK15) = 6 nM
IC50 (CKIS) =21 nM

Cell 2018, 175, 171.
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(43) International Publication Date = WO 2019/185631 A1
03 October 2019 (03.10.2019) WIPO I PCT

(54) Title: 4—(1H— IMIDAZOL— 5— YL) -1H-PYRROLO [2, 3-B] PYRIDINES FOR USE IN THE TREATMENT OF
LEUKAEMIAS, LYMPHOMAS AND SOLID TUMORS

(57) Abstract: The present invention relates to novel 4-( 1 /7-imidazol-5-y1)- 1 //-pyrrolo[2,3-h]pyridine com-
pounds which are useful in the treatment of lymphomas, leukaemias, and solid tumors,

(C CASINVENT

& Caslnvent Pharma, a New Univer X = = x
& C @& iniprague.com/casinvent-new-university-spin-off-focused-on-developing-new-cancer-drugs-established-with-help-of-ii-prague/ B e H
I&I Prague Home Investment process Aboutus Portfolio News Contact W

Casinvent Pharma, a New University Spin-Off Focused
on Developing Cancer Drugs Established with Help of
i&i Prague!
4Q 2020:

A new spin-off company, Casinvent Pharma, a.s., has been established by Masaryk

CGSInvenf Phar‘ma a . s . University (MU) in cooperation with its investment partner, i&i Prague, s.r.o. (Ltd),
1 03 in order to facilitate further develog 1t of new compounds that could be used to

(MU i '&' Pr‘ague) treat certain types of leukaemia, lymphema and solid tumours. The company will

test the compounds that inhibit the enzyme Casein Kinase 1 (CK1) which is
responsible, among other things, for the migration of leukaemia cells into
lymphoid organs.

The research groups of Vitézslav Bryja and Kamil Paruch from the Faculty of Science MU
have been studying and developing these compounds for a long time now. Thanks to the
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Learning and process optimization

small molecule drug discovery and development timeline

Y
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2-3 years 0.5-1 years 1-3 years 1-2 years 5-6 years 1-2 years
Tgrget Lead ID Lea}dl _ ADME /Tox Clinical Post
discovery optimization development approval
* Predicts * Profile * Predict * ADME/Tox * Trial recruiting || *» Cost
targets compounds bioactivity * Drug—drug » Trial design effectiveness
related to * Predict * Predict interactions and * Pricing models
diseases bioactivity phys/chem » Multipule optimization * Manufacturing
* Predict properties parameter * Clinical * Fraud detection
properties * Predict optimization responses * Adverse event
formulation ¢ In vivo prediction

SVM, DL, BNB, KNN, RF, ADA, consensus

Y YaYoYeY
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- = O N in vivo i in vivo Q u, N ln vivo N I
o UN< N7 J/\(N\N dor. 2014
Br N 2] N = nezndmad
NH,
NH NH; substance
SCH 900776 MU379 MU380
CHK1 IC55 = 5 nM (metabolit) CHK1 IC55= 2 nM
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(AML, kombinace s cytarabinem)

SN \ W2 TKL
K \, ’ !

> = ‘:
wl B, - = |
Z= "
& CHK2 Ge
scHooo776 4 1O,

vyrazné méné selektivni

> ,off-target” efekty

srovnatelna selektivita
206 kinaz @ 1 uM
(Merck Milipore)

so0% @

71-90% @

51-70% e
<50 %

* G¢innéjsi in vitro
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STE

K1

MU380
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Enantioselektivni syntéza MU380
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MU380 in vivo

« docetaxel-resistant prostate cancer

engrafted S.C. gemC|tab|ne i.p. MU380 i.p. endpoint
PC339 DOC 7 7
in vitro 3D culture ~
E&og_. z,j 1 ‘Q 1
— 1 week 24 hrs D
SCID mice :

3 cycles (weekly)

P. Sammader et al. Mol. Cancer Ther. 2017, 16, 1831.
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£ 8004 1
] e TEE
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2 *% : . “,\ /(.\:‘
g 400+ Kk GEM , % % m ko
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| s MU380 ke, N .
g 200 * q & Q @ % L g
> . GEM pu &
— 0 T T T T T T T T 1 +MU380 . a o G. .

00 05 10 15 20 25 30 35 40 45

Week S. Drapela et al. Mol. Oncol. 2020, 14, 2487.
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Forskolin a jeho analogy
« adenylatcykldzy (ACs) jsou atraktivni cile (Pierre, S. et al. Nat. Drug Disc. 2009, 8, 321.)

Forskolin Colforsin daropate

N(CH3),

e pozice modifikovatelné
semisynteticky

« derivaty forskolinu

> selektivni aktivita vii¢i jednotlivym ACs

e pozice modifikovatelné
synteticky
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Nase syntéza forskolinu a jeho analog

nejkratsi & robustni (> 100 mg) syntéza forskolinu

OEt O
CHj CHj
/ O\N
* * \
S <—<
CHj

o)

Forskolin

A

6 steps 3 steps
(known sequence)

15 steps
e

multigram scale

O. Hylse et al. Angew. Chem. Int. Ed. Engl. 2017, 56, 12586.
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Biologicka aktivita analogu forskolinu
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Laboratories of Organic Synthesis and Medicinal Chemistry
orgsyn.sci.muni.cz

*  personnel
Dr. Kamil Paruch (Ph.D. Columbia University)
Dr. Jakub Svenda (Ph.D. Harvard University)
6 postdocs,
5 doctoral students,
10 BS/MS/high school students,
3 technicians

« modern laboratories in new campus
« state-of-the-art instrumentation

(e.g. in-house 500 MHz NMR, MS-TOF, autopurification
LC/MS, semi-prep. chiral HPLC etc.)
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.Lidem, kteri se na nic neptaji,
nemd cenu cokoliv vykldadat."
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Inhibitory nukledz

Artios exercises option 10 in-license potensial firstdn-class nuciease development programme « Artios

ortlos

Artios exercises option to in-license
potential first-in-class nuclease
development programme

Cambridge, UK, 5 March 2018. Artios Pharma, a leading DNA Damage Response (DDR)
company developing innovative new treatments for cancer, today announces that it has
exercised its option to in-license the first nuclease drug development programme under its
research collaboration and option agreement with Masaryk University in the Czech Republic.
The collaboration was formed in June 2017 to discover and develop novel cancer treatments
by targeting DNA nucleases involved in the DDR.

Commenting on today’s announcement, Niall Martin, Chief Executive Officer at Artios
Pharma, said: “We are delighted to announce the in-licensing of our first nuclease
programme from Masaryk University. This reflects the strong progress that has been made
under our research and development collaboration with Drs Krejci and Paruch at Masaryk
University on DDR nucleases. The in-licensed programme has the potential to become a
novel, first-in-class DDR targeted treatment for cancer, which complements our current
development pipeline and further supports our position as a leader in the DDR field.”
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