Vyvoj lékl / Drug development

Léciva latka nebo lécCivy pripravek
je urCeny k podani Cloveku nebo zvireti za uCelem
pfiznivého ovlivnéni zdravi

Léciveé latky
jsou ,latky urCené k tomu, aby byly soucasti
|eéCivého pfipravku; zpUsobuiji jeho ucinek.
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Trzby z prodeje Ié€iv: TOP10 farmaceutickych firem

2004

(miliardy USD)

Johnson & Johnson
Pfizer
GlaxoSmithKline
Novartis

Hoffman LaRoche
Merck

AstraZeneca
Aventis-Sanofi
Abbott Labs
Bristol-Myers Squibb

47 4
45.2
39.0
282
245
229
214
204
19.7
19.4

2005

(miliardy USD)

Plizer
GlaxoSmithKline
Aventis-Sanofi
AstraZeneca
Johnson & Johnson
Merck

Novartis

Abbott Labs
Hoffman LaRoche
Bristol-Myers Squibb

44 2
34.0
34.0
24.0
22.3
21.9
20.3
19.7
16.6
153

2006

(miliardy USD)

Pfizer
GlaxosmithKline
Aventis-Sanofi
AstraZeneca
Johnson & Johnson
Merck

Novartis

Wyeth

Hoffman LaRoche
Eli Lilly

45.1
37.0
32.6
25.7
233
226
289
15.7
266
14.8
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Preklinické testy

Investigational New Drug (IND)

5000 latek 5 latek 1 lécivo
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ProcC vyvijet nova lécCiva ?

Pozadavky spole¢nosti / Navratnost nakladu
*RozsSirena diagnoéza
*Pacient bude uzivat Iék dostate¢né dlouho
*Schopnost hradit naklady

Orphan drug development- vyvoj Iékl pro Iécbu vzacnych chorob



Farmakodynamika

studje co déla |écCivo s organismem
=mechanismus ucinku

Farmakokinetika
studuje co déla organismus s léCivem

L Liberation.

Absorption

Metabolism

D Distribution

Excretion



Vybér onemocnéni a vyber cile

Cilové chovani organismu Nezadouci
ucinky
‘ Toxicita
Fyziologicky proces
tkan

Chovani bunky

Molekularné biologické procesy

Jednotlivé proteiny

Jednotlivé domény

Specificita




Atropin

Inhibice muskarinovych
receptoru (parasympaticus)

Atropa belladonna

'mydriaticky efekt
*1831 krystalicka forma- Mein
*1901 chemicka syntéza Richard Willstatter

v soucasnosti zakladni lék v |Iécbé srdecniho selhani



Willow bark and salicylic acid

Doctrine of Signatures

The Rev Edward Stone (1760s) searched
along a riverbank (i.e. a cold and wet place) for
a plant-based cure for the fevers associated
with influenza. Found that the bark of the
willow was effective in reducing fever.

Native American Cherokees used willow
bark for such purposes for centuries.

* willow bark contains salicin —»
* metabolized in vivo to the active agent salicylic acid —»
* salicylic acid and more tolerable “prodrug” aspirin made in late 19%

century —
* mechanism of action not discovered until the 1970s.



Paul Ehrlich (1854-1915)

The so-called 'father of modern chemotherapy'.

Original proponent of the “magic bullet” he aimed to use chemicals to
treat disease. In 1910 the first fully synthetic drug was made:
‘Salvarsan’ which contained arsenic!

e ® ® O
Cl H3N NH; Cl
HO As=As OH Salvarsan

Used for treating sleeping sickness (trypanosomiasis) and syphilis
(caused by Treponema pallidum).

The Nobel Prize for Medicine 1908



Thalidomid

T

puvodné sedativum-hypnotikum

(1957-1961)
teratogenni uc€inky
(10 000-20 000 obéti)

h zkouskach

ycC

an vklinick

Thalidomid testov

hz je

”

éni u nic

w

Onemocn

Amyotrophic lateral sclerosis
Aphthous ulcer

Behcet's syndrome

Brain cancer

Breast cancer

Cachexia

Colorectal cancer
Congestive heart failure
Crohn's disease

Diarrhoea

Fibrodysplasia ossificans progressiva
Graft-versus-host disease
Haematological malignancies
HIV infections

Hodgkin's disease

Kaposi's sarcoma

Leukaemia

Macular degeneration
Malignant melanoma
Mycobacterium avium complex infections
Myelodysplastic syndromes
Myelofibrosis

Myeloid leukaemia
Non-Hodgkin's lymphoma
Non-small cell lung cancer
Ovarian cancer

Pain

Prostate cancer

Prurigo nodularis

Renal cancer

Rheumatoid arthritis

Small cell lung cancer
Systemic lupus erythematosus
Thyroid cancer

Tuberculosis



Identifikace Validace Identl\fllgzgie ptimalizace Testy na
cile cile struktury zviratech
struktu

Jak identifikovat cil terapie
(nejéastéji konkrétni protein)

«analyza procesu / nemoci na molekularni arovni
genomickeé pristupy

‘proteomické pristupy



Identifikace Validace Identl\fllgzgie ptimalizace Testy na
cile cile struktury zviratech
struktu

Ciloveé proteiny

45% membranové receptory
28% enzymy
‘ 11% are hormones and factors

+«— §% ion channels

— 2% nuclear receptors



Vazba na receptor, iontovy kanal (na membrane)
J. *pfirozeny ligand
= kompetitivni inhibitor

eagonista
protilatka

Enzymy, intracelularni proteiny
@ *pfirozeny substrat
*blokator aktivniho mista
*inhibice protein-proteinovych interakci

*sinhibice ATP- GTP- azove aktivity



High throughput sekvenovani

Single-stranded

enadorova onemocnéni
*infekéni nemoci

Adaptars / DNA immobilized on
ligated to bead and amplified in
DNA —_— (%.« water—oil emulsion

Picalitre well E i

DMA polymerase — E— .
and enzymes D 15;3 Light
on beads - _f g

b soLD Random oliganucleatides with
Primer to known 3' dinucleotide

adaptor—, & &
gachaTanngornnnEcannnETEnnn

I B CGACGACGTACTGACAACAGTACTE

Adaptor sequence —— ;
CGACATnn&Cnnn%Ghnh&Tnnng

I A CGACGACGTACTGACAACAGTACTE

a 454

Known base from adaptor ——. ¢ #¢ } L] o0
ThA G A

E E ©C E
€ Solexa GA Amplified i Terminator
_— DNaspots . A dNTP A
- o _— - T ¢,|- —_— T
e e B SO0 T %
a0, L e S ]._‘ l{.i- DNA né.
Immohbilized an substrate e o polymerase
d Heliscope 2 Single species Single species
i - c dNTP#A c ¢c
Unamplified E ' A on oA r be . on
immaobilized DNAé 5 7 e on . el
—_— c
4, e Yo
AT Tg

DMA palymerase
@ Pacific Biosciences

Highly focused detection path

Detection valume - -

Immobilized DINA
palymerase

+ 250 nucleotides
+ 400,000 reads
=100 Mb

= 35-50 nucleotides
= TN million reads
= 6,000 Mb

Coding scheme
second base

« 50 nucleotides
» 30 million reads.
= 1,500 Mb

+ 50 nucleotides
=+ 30 million reads
+ 1,500 Mb




Komparativni proteomika

SILAC

d Adaptation phase

Intensity Intensity

Intensity

Starting culture in DMEM

=

Media with ~_Media with
"light" AA (e) "heavy" AA (%)
=
o , a4
[S— Begin SILAC = o
adaptation phase £
miz miz

Subculture cells, e

Intensity
L ]
*

. =
as needed

m/z miz

Culture desired ;
= : —]

Intensity
-

. o number of dishes, =
= allowing five
m/z doublings miz

b Experiment phase

Control Perturbed
State A (light State B (heavy %)

\Mm cells/lysate /
1:1

Optional protein or peptide fractionation
analyze sample with mass spectrometry

> « Intensity of MS signals between
] light and heavy peptides give
FE’ ' relative protein abundance

between cell states A and B

miz



Komparativni genomova hybridizace a ¢ipové analyzy genové exprese

1 Labeling of genomic tumor DNA and normal genomic control DNA by Nick tramshtion

Cancer Cells Normal Cells
O VARV y)
e = e
e — sy g ML
Biotin-labeled tumorDHa Digoxigenin-labeled control DA

2. Simultaneows hybridization of differentially labeled tumor and control DNAs to
normal human metaphase spreads
| ==t — RNA Isolation
[ VARV
. T v Y v
i Il "’f\ g ’I mRNA mRNA
l“"-, ¥
Reverse
Tra I'IECI'iFItESE'
Labeling
3. Fluorescence detection of the hybridized DNAs ¥ v
i ) is |_cDNA_| | _cDNA
ér "Red Flourescent" Probes "Green Fluorescent” Probes
\ Combine Targets
[’ -ﬂﬁl’ 2 _$ & o8
Hybridize to
P Microarray
balanced overrep resentation underrepresentation high lewel
CHA content of the whaole of the long arm within amplification
chrormosome within the tumar DM A

the tumor DM &

Protinadorova lécba:
to co je amplifikované, je pro nadorovou bunku dulezité a proto stoji za to, to inhibovat



Identifikace Validace Identl\fllgzgie ptimalizace Testy na
cile cile struktury zviratech
struktu

inhibice funkce proteinu

*siRNA, microRNA, antisense RNA
dominantné negativni mutanty

Validace cile inhibi¢ni protilatky, single chain
‘peptidy

aktivace funkce proteinu
tranfekce, over-exprese
*bodové mutanty
«aktivacni protilatky
‘peptidy



Identifikace Validace Ident'gg:gf ptimalizace Testy na
cile cile struktury zviratech
struktu

Prirodni latky, extrakty
Empiricky
pristup
Knihovny chemickych latek
Testované /_

Peptidové knihovny

e \
Modelovani struktury

Molecular docking

Racionalni
pristup




Identifikace Validace Ident'gg:gf ptimalizace Testy na
cile cile struktury zviratech
struktu

Vybér modelu
Assay development

Fungovani
in vivo

«Zvireci modely

*Tkanové kultury

‘Modelové organismy (bakterie, kvasinky)

‘Biochemické testovani

Cileni
Specificita u€inku




Reportérovy gen

Stabilni transfekce

I—»

I | 0N

Promotor
Enhancer
Vazebné misto pro transkropcni faktor

GFP
Luciferaza
beta-galaktozidaza




Reportérova bunécna linie
/lorganismus

. Testovana latka

’ E J Signalizace
Transkrip€ni
faktor

Transkripce
S| D¢

,\rL/V RNA
l Translace

Reportérovy
protein

Detekce



Identifikace biologicky aktivniho peptidu

soucast prirozeného proteinu (vazebného partnera)

nahodny vybeér- Phage display, peptidové knihovny

Nl =

combinatorial library of
~2 % 10% random incubation of target

peplide insers in minor rmaterial with library unbound phage are
protein coat (plil) washed away

pH elution of

bound phage
i amplification of el
eluted phage

peplide binding sequences Cilovy protein




FRET- Forster (fluorescence) resonance energy transfer

Energy Transfer Efficiency
E= -
1+(R/R,)
R,=50% transfer efficiency distance
3nm~7nm
DONOR ACCEPTOR .
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FRET- Forster (fluorescence) resonance energy transfer

—
Excitace

eptid

134

ilovy protein/doména

— ‘

Emise

* Inhibitor

—
Excitace

Peptid

Inhibitor

Cilovy protein/doména

7

IIIIIIIIIIIIIIII’

Emise



Bioluminescence Resonance Energy Transfer

no BRET BRET

, Al

BLUE BLUE YELLOW

(485nm) (530nm )
Coelenterazine _ p Coelenteramide 485 nm
+0, Renilla + CO, +hv gl

luciferase




Identifikace Validace Ident'f,'::: ptimalizace Testy na
cile cile struktury zviratech
struktu




CADD-computer aided drug design
Modelovani struktury
Molecular docking

Vybér struktury Virtualni chemicka
knihovna

Vybeér kavity, Filtrovani

aktivniho mista Velikost, hydrofobicita, flexibilita..

Lipinski rules

Molecular docking
ngld | flexible

Syntéza
[ Modelovani J >[ Verifikace J




Pharmacophore

Molekularni ramec (vzore, kostra), ktery nese prostorovy popis vlastnosti
chemické latky, ktera se vaze do specifického mista molekuly

Informace o :
*Hydrofobicité
*Velikosti
*Prostorovém usporadani
*Vodikovych miustcich
‘lontovych interakcich




STP: PREDICTING PROTEIN BINDING SITES @

ALM ML TIPLE STP COMTACT US

Welcome to the STP websitel
STP is a handy tool for predicting the location of binding sites.

STP relies on the propensities of triplet pattems to indicate
whether a patch is likely to be a binding site or not.

All you need is your PDB file and STP will color it for you
For any questions, click here

Software pro predikci vazebnych oblasti na molekule proteinu
*Vstup: PDB struktura
*VVystup: pravdepodobnost vazby nizkomolekularnich latek do kavit



® o
O

EDinburgh University Llgand Selection System

Filtrovani virtualni knihovny nizkomolekularnich latek

Lipinski's Rule of Five

4 pravidla ktera by mély nizkomelukularni latky splfnovat aby se mohly stat lé€ivy
*Maximalné 5 donoru vodikovych vazeb (OH, NH2)
*Maximalné 10 akceptoru vodikovych vazeb (O, N)
*Molekulova hmotnost pod 500 Da
*Rozdélovaci koeficient (Partition coefficient) Oktanol:Voda logP nizSi nez 5






Komplexni softwarové reseni pro drug design
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Innovations in Computational Orug Design

W

Discovery studio-Accelrys Schrodinger
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Validace o e ptimalizace Testy na
, vudci i
cile struktury zviratech
struktu

Kombinatoricka syntéza /

Screening

P R

R3 ; YR2

R1
Vudcéi struktura

Krystalizace, NMR
Q.




Identifikace Validace Identl\fllclfzg? ptimalizace Testy na
cile cile struktury zviratech
struktu

Farmakokinetika
studuje co déla organismus s léCivem

L Liberation.
A Absorption
D Distribution




Clinical testing

 {Phase 0 (non-clinical)}

* Phase 1 (volunteers)

* Phase 2 (patients)

 Phase 3 (large scale multi-centre)

* Phase 4 (post registration monitoring)

phases can also be defined by the information you are trying to
get out of the testing



Volunteer studies (phase | trials)

 pharmacologists & employees (15-30 in number)
« ethical approval

* healthy

« informed consent

 full rescussitation + medical backup
* monitor

* single and repeat doses

* increase dose levels




Volunteer studies (phase | trials)

OBJECTIVES

* metabolic and excretory pathways (impinges on
toxicity testing in animals)

« variability between individuals; effect of route;
bioavailability

 tolerated dose range
* indication of therapeutic effects
* indication of side effects



Patient studies (phase 2 trials)

« 150-350 ill people; informed consent

* needs licence

« maximum monitoring; full rescussitation

« often patients where other treatment failed

« OBJECTIVES:

indication for use; type of patient; severity of disease;
dose range, schedule and increment;
pharmacokinetic studies in ill people;

nature of side effects and severity;

effects in special groups.



Patient studies (phase 3 trials)

1500-3500 ill patients
multicentre?

more certain data for the objectives of phase 2
studies

interactions between drugs start to become
measurable in the larger population

sub-groups start to be established
special features and problems show up



