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Cyklin-dependentni (CDK) kinazy patri mezi klicoveé
regulatory bunécného cykiu
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Proc by mohla byt inhibice CDK terapeuticky atraktivni?

» eliminace funkce CDK1 a CDK2 (pomoci siRNA) zpusobila:

» apoptézu v nadorovych bunkach
> reverzibilni inhibici rustu v normalnich bunkach

ale: odstranéni proteinu (pomoci siRNA) nemusi dat stejnou odezvu jako
jeho farmakologicka inhibice (pomoci malych organickych molekul)

Weiss, W. A.; Taylor, S. T.; Shokat, K. M. Nat. Chem. Biol. 2007, 3, 739.



Selektivita organickych inhibitoru — potencialni problém

human kinome: >500 kinases
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Identifikace vychozi slouc¢eniny (lead)

» molekulové modelovani: dokovani struktur do aktivniho (ATP)
mista kinazy; interakce s ,patefi“ (backbone) proteinu vodikovymi
vazbami

purvalanol B indazoles purine isosteres
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» indazoly — akceptovatelna aktivita in vitro (IC., < 50 nM), ale inaktivni v
bunecné eseji. ~0,03 mg/L



» vysokokapacitni (high-throughput) screening: stavajici kolekce
sloucenin (~1,5 mil.) plus mensi série potencialnich purinovych
isosteru

» nalezeny dve tridy aktivnich sloucenin
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> pocateCni SAR : zavedeni substituentu v poloze 3.




Syntéza pyrazolo[1,5-a]pyrimidind
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Bioorg. Med. Chem. Lett. 2007, 17, 6216.



Substifuce polohy 3: zvyseni aktivity
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Nasledny postup: evaluace podobnych
heterocyklickych motivui.

Br Br Br
A z N’\S MN’\S
HN g\

p 3 ¥

HN

- rUzna schopnost interakce s proteinem
pomoci vodikovych mustku?




Syntéza pyrazolo[1,5-a]pyridind
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Bioorg. Med. Chem. Lett. 2007, 17, 6216.
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Syntéza imidazo[1,2-a]pyrazinu
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Bioorg. Med. Chem. Lett. 2007, 17, 6216.
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Syntéza imidazo[1,2-a]pyridind
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Bioorg. Med. Chem. Lett. 2007, 17, 6216.
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CDK2 aktivita testovanych heterocyklu
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> vyvoj detailnéjsi ho SAR pyrazolo[1,5-a]pyrimidind
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Potvrzeni puvodniho konceptu

|[dentifikace sloucCeniny s akceptovatelnou aktivitou v burikach?
Je mozné dosahnout terapeutického indexu?

Demonstrace aktivity in vivo?
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» ucinnostin vivo: A2780 (ovarian): 96% | @ 40 mpk, qd; MiaPaCa (pancreatic): 77% | @ 40 mpk,

qd.

» Spatna rozpustnost — slou¢eninu neni mozné davkovat IV.
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o

Compound 27

Mouse PK (IV/PO, 5 mpk)

In Vitro ICg,’s (uM)

AUC = 8.4 uM.hr
Crhax = 5.8 uM
IVt,,=24hrs
(NOEL)

CDK2/E = 0.031
CDK2/A=0.030

CDK1 =0.045

CDK4 =0.045

MAPK =1.2

GSK3b =0.15

3A4, 2D6, 2C9, 2C19 > 30 uM

Rat PK (IV/PO, 5/10 mpk)

PO AUC = 34.5 uM.hr
Crax =4.4uM

IVt,, =59 hrs

clearance = 18 mL/min/kg
(IV, PO NOEL)

Kandidat k testum in vivo

In-Cell, thy uptake, A2780
ICq, (10% FBS) = 0.16 uM
ICq, (10% FBS) = 0.29 uM

hERG

Rb:17% @ 1.5 uM
Rb: 44% @ 5 uM
VC: ICq = 3.2 UM

Monkey PK (IV/PO, 1/5 mpk)

PO AUC = 29.9 uM.hr
Crax=2.5uM

IV t,,, =11.0 hrs

(IV: NOEL; PO: 2/3 diarrhea
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0.D. (Arb. Units)

Aktivita v bunkach/terapeuticky index

Compound 27: kontinualni expozice
A2780 (nador) WS1 (normalni)

0.D. (Arb. Units)
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* Bunky vystaveny rozpoustédlu, slouceniné pfi koncentracich 1Cg;, ICqyy, 2 X ICyy 24 h
* Slou€enina vymyta, buriky dale pozorovany

v x e x A2780 = Apoptoza
> bunécné kultury reaguiji odlisné WS1 Inhibice rastu
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Dalsi SAR

- celkem pripraveno >8000 sloucenin

Pozice 3:

» pomérné mala hydrofobni kavita
* omezena moznost substituce.

* Br, Cl, ethyl optimaini.

Pozice 5:
» Ruzné polarni/nepolarni skupiny tolerovany..
« Afinita k OH: moznost zlepSeni aktivity.

Pozice 7:

» Oteviena (vodnému) prostiedi; Siroka Skala substituentl tolerovana.
* MozZnost ovlivnéni fyzikalné-chemickych vlastnosti (rozpustnost apod.).
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Slouceniny s lepsi aktivitou a PK profilem
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Compound 27
CDK2/A1C5, = 0.030 uM
Thy. IC5, = 0.16 uM

Rat PK (IV/PO, 5/10 mpk)
PO AUC = 34.5 uM.hr
IVt,=5.9hrs

Monkey PK (IV/PO, 1/5 mpk)

PO AUC = 29.9 uM.hr
IV t,, = 11.0 hrs
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Compound 28
CDK2/AIC;, = 0.016 uM
Thy. IC5; = 0.16 uM

Rat PK (IV/PO, 5/10 mpk)
AUC =28 uM.hr

IVt,=2.1hr

Monkey PK (IV/PO, 2/10 mpk)

AUC =71 uM.hr
t,, =12 hrs
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Compound 31
CDK2/AIC;, = 0.018 uM
Thy. 1IC5, = 0.025 uM

Rat PK (IV/PO, 2/10 mpk)
AUC = 15 uM.hr

IVt,=3.6hr

Monkey PK (IV/PO, 0.5/1 mpk)
AUC = 10 uM.hr

t, = 12 hrs
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C-N (O,S) substituce na pozici 5
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s ) Pozice 5: substituce aminoalkoholy
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A, = Q. = O™ = O~
F
Compound 60 Compound 61 Compound 62 Compound 63
CDK2 IC;, = 0.011 uM CDK2 IC;, = 0.063 uM CDK2 IC;, = 0.027 uM CDK2 IC;, = 0.0004 uM
Thy. IC5, = 0.48 uM Thy. IC5, = 2.5 uM Thy. IC55 = 0.26 uM Thy. IC5, = 0.006 uM
H H H H
te Ot = O = O
S -
OH
Compound 64 Compound 65 Compound 66 Compound 67
CDK2 IC5, = 0.063 uM CDK2 IC;, = 0.018 uM CDK2 IC5, = 0.006 uM CDK2 IC5, = 0.0003 uM
Thy. IC5, = 1.1 uM Thy. IC55 = 0.85 uM Thy. IC5, = 0.2 uM Thy. IC5, = 0.002 uM

> zavedeni aminoalkoholl: zlepSeni aktivity a rozpustnosti,

19 zhorseni metabolické stability a PK profilu.



20

Jaky je optimalni profil naseho CDK inhibitoru?
* Dvé odliSné série:

> napf. Compound 31: akceptovatelna aktivita v burikach, velmi dobry PK
> napf. Compound 73A: velmi aktivni, rychle se metabolizuji a vyluCuji z téla

* Porovnani se ,standardnimi® CDK inhibitory:

> BMS-387032: pramérna aktivita, rychlé odbouravani
> Flavopiridol: primérna aktivita, rychlé odbouravani
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Compound 31 Compound 73A BMS-387032



In vivo screening

» cil: identifikace slou¢eniny s optimalnim profilem

« vystup: terapeuticka u€innost pfi koncentracich
nizsSich nez je maximalni tolerovana davka (MTD)

Test Compounds

Mouse mini-tox 1 \
(ip, qdx7) ;
h 4

MTD determination Single Dose Mouse PK Rat m|r!|-toxIPK
1 (IP) (iv)
SV U0 MTD determination

I
(AZTE:;f t:ﬁggraft ; Evaluate exposures

) \ _ and multiples
ip, qdx7) Sup erior /

Establish effective Compounds

concentration

Rising Dose RatDog (V) mayim4lni tolerovand dadvka

Confirm index/multiple s
“Effcacy A | P (MTD)

'!' 20% ubytek vahy
Candidate

minimalni efektivni davka
(MED)

>50% inhibice rustu xenograftu A2780 terapeuticky index
21 TI = MTD/MED
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Parametry jednotlivych sloucenin

CDK2 mouse | MED*
Structure Compound # (CDK1) 1in-Cell ICs0 | |57 (%) AUC Cmax
IC M M.h M
[ul\s/lo] [uM] [mpk] | ST (uMhr) 1 (UM
Br
I\
~ 1,/,} <5 mpk
0.018 68%) | 10@5 | 9@5
HN
31 i 0.025 5 e oy
= > 12
= N+\O_
~_O
Br
(o
K: N <4 mpk
- 0.001 (73%) | 1.4@5 | 6@5
OH  HN e 0.00g) | 9003 20 mpk | mpk
> -5
7
NS
%[‘Nk 25 mpk
° s o ) 0.011 (58%) 6@20 | 8@ 20
TS/%N)KC\ BMS-387032 (0.068) 0.039 50 mpk mpk
Ny NH = 2-3
flavopiridol <1

»> Aminoalkoholova série (vysoka aktivita, kratky t.,) vykazuje nejlepSi terapeuticky index.



ldentifikace SCH 727965

<= mouse = MED*
Structure Compound # (Cllcj:Kl) |n-Ce'I\I/IIC5o IP MTD (%) AI\;JE CmMax
uM] — mpk] = > | GMhD o UM)
how P
S ﬁ <4 mpk
YN 0.001 (73%) | 14@5 | 6@5
OH  HN 73A (0.008) 0.003 20 ik Pl
- 2> -5
N
@N 3 mpk*
NN 0.001 48%) | 14@5 2@5
OH SCH 727965 (0.006) 0.004 60 mpk ok
= = >10
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« in vivo diferenciace sloucenin s prakticky identickym in vitro profilem

ACS Med. Chem. Lett. 2010, 1, 204.
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SCH 727965 (dinaciclib)

In Vitro

A/CDK2 IC50 = 0.001 uM
B/CDK1 IC50 = 0.004 uM
p35/CDKS5 IC50 = 0.001 uM

D/CDK4 IC50 = 0.1 uM
H/CDK7 IC50 = 0.07 uM
GSK3b IC50 = 0.78 uM
MAPK IC50 = 4.1 uM

In Cell

IC50 (A2780) = 0.004 uM

UBI Kinase Profiler — SELEKTIVNI
PanLabs — OK
GPCR - OK

CYP - OK
hERG (VC) - 5% @ 1 uM (OK)

Marker IC50 (phospho-Rb) = ~0.01 uM

Apoptéza po 2 h = 0.025 uM (BMS-387032 = 1 uM)

Testovan v 106 bunécnych liniich:

Linie nadorovych bunék - apoptodza
Normalni buriky (WS-1) - reverzibilni zastaveni bunééného cyklu

Mol. Cancer Ther. 2010, 9, 2344.



SCH 727965 je aktivni in vivo pri davkach < MTD

A2780 (ovarian cancer) RPMI 8226 (multiple myeloma)
1000 -
—&- Control Myeloma Xenograft
—_ —— 8 mpk SCH 727965
? 800 - =¥ 16 mpk SCH 727965 1000+
£ —— 32 mpk SCH 727965 .
£ —8— 48 mpk SCH 727965 E ..
& 6001 | -.5- 20 mpk Paclitaxel E ™0 T Lconm gl ke
g - —4— 2. SCNT27965 5 mpk gd
3 £ <«——=%— 13, Sch727965 20 mpk qd
> 4001 o 200 —o— 4. Velcade 1 mpk 2wk |.p.
< 63% s =+~ 5. SCNT279E5 40 mpk 2UWK
= 70% £ 250 0+ 6, SCNTZTI65 20 mpk 1 wk on/ 1 wk
= 200 89% = N —a— 7. Cyclophosphamide 100 mpk 2wk

20 25 30

TP
TR TYY YRy Days
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* model pouzit pro preklinickou progresi Iéku Velcade
A549 (lung cancer) - kompletni vylééeni ve skupiné s ddvkou 20 mpk

300
Smpk SCHY27965

sepritisigSee s  « kompletni vyléceni ve skupiné s davkou 20 mpk
—— 20% HPCD

o 200
< v - P v - - - .
£ “remaphor - Zddny efekt na éervené krvinky a krevni desti¢k
= | —— Taxol 20mpk

100 § — control

* mirné reverzibilni snizeni poc¢tu bilych krvinek

25 days of tumor growth
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