2.
Oblasti a trendy
biomedicinského vyzkumu



Biomedicinsky vyzkum

e Zakladni — porozuméni zakladnim déjum

* Aplikovany — empirické postupy, zajem o prakticky
dopad, vyvoj biotechnologii, bioinzenyrstvi

* Translacni — bench-to-bedside

* Preklinicky — in vivo, zjisténi toxicity a nezadoucich
ucinkd, farmakologické ucinkyi,...

* Klinicky — pacienti, Fazel - IV



Aplikovany vyzkum

Zakladni vyzkum



Zakladni vyzkum

e Zkoumani mechanismu fyziologickych i patologickych
déju

* Biochemie, molekularni biologie, biofyzika,
imunologie, bunecna biologie, genetika,...

* Priklad zaveru studie: Byl objeven novy receptor pro
serotonin, ktery je pritomen pouze na hepatocytech.

e Zavery jsou vetsinou vychodiskem pro aplikaci



Aplikovany vyzkum

* vétsinou navazuje na zakladni
* metodika se prekryva

e dlraz na praktické vyuziti
* modely nemoci
* in vivo experimenty
 testovani novych latek
 testovani extraktl z l1écivych bylin (tradi¢ni medicina)

* VVysledek — patent (ochrana dusevniho vlastnictvi) +
publikace



Translacni - Bench to bedside

__The Bench to Bedside Abyss
2 -

e T1-T5 stupen
 T1-zakladni
e T2 — preklinicky
* T3 —Kklinicky
* T4 - klinicka implementace
* T5 - kazdodenni praxe




Preklinicky

e ucinnost, toxicita, farmakokinetika
* Velké davky |éCiva in vitro i in vivo.
* In silico modely interakci |éCiva a cilové molekuly
(receptoru)
* Potvrzeni ucinku a bezpecnosti na zviratech
* tkane, mys,potkan, prase, opice

* u nas SUKL vydava predpisy pro preklinické testy a
dohlizi nad GLP

* specializované laboratore



GLP —good laboratory practice

* 5 hlavnich bodu, které jsou sledovany

1. Zdroje: instituce, personal (PI, kvalifikace),
vhodnost laboratofi a vybaveni

2. Charakterizace: Testované latky a testovaci
systémy (mysi kmeny, linie, etc.)

3. Pravidla postupu: Protokoly, standard operating
procedures (SOPs)

4. Vysledky: Raw data, zaverecCna zprava,
archivovani

5. Dohled nad kvalitou vyzkumu: Quality Assurance

(QA), nezavislé posouzeni vyzkumnych postupu
(SUKL)



Klinicky vyzkum

Faze

e 20 — 100 pacientu

* Nékolik mésicu

e Bezpecnost a davkovani
* 60-70% latek jde dal

Faze ll

 Stovky pacientu

* Mésice az 2 roky

* U¢innost a vedlejsi uginky
* 30-55% projde



Faze Il

* 300 — 3000 pacientu
* 1 -4 roky
 Uginnost a vzacnéjsi vedlejsi ucinky

* 30% pokracuje

Faze IV

* Nékolik tisic pacientu
* Jiz schvalené lécivo
* cca 5-10% latek co sly do faze |



Drug Development Process i 8
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Vyvoj novych |éCiv

Collections

LComnound] Drug Discovery Cycle
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V'yvoj novych [éCiv

THE BIOPHARMACEUTICAL RESEARCH AND DEVELOPMENT PROCESS

From drug discovery through FDA approval, developing a new medicine takes at least 10 years on average and costs an average
of $2.6 billion.” Less than 12% of the candidate medicines that make it into Phase | clinical trials will be approved by the FDA.
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H Lo

Lewel of knowledge

Naklady na vyvoj nového léciva

Pre-clinical studies

Clinical trials

2-4 years

Registration
Market introduction

T T T

—$150
million

— 100
millian

— $50

millian

TH E R&D COST Table 3.6. Out-of-pocket costs for Phases I-1I1 (2011 US$m)

OF A NEW
MEDICINE

JORGE MESTRE-FERRANDIZ,
JON SUSSEX AND ADRIAN TOWSE

DECEMBER 2012

DiMasi et al Paul et al
Phase (2003) (2010) CMRI
Phase I 20 16 23
Phase 11 30 42 54
Phase 111 111 158 129
Toral Phases [-111 161 215 206




Jak jsou nova léCiva objevena

* Novy vhled do mechanismu nemoci

* Rozsahly skrinink latek
* Néjaka stavajici |écba ma nece

Kané ucinky

* Nove technologie, umoznuijici j

geneticka manipulace

iny postup —



Jak jsou vyvijena po objeveni

Aplikovany vyzkum, ne nutné preklinicky

* Absorbce, distribuce, metabolismus, vylouceni

* Mechanismus a vyhody

e Davkovani

* Optimalni zptUsob podani — oralni, injekce

* Vedlejsi uCinky

e PUsobnost na ruzné skupiny lidi - pohlavi,
etnicita, vek

* Interakce s jinymi léCivy

e Srovnani s jinymi léky



Nejdalezit&j&l milniky

* Antibiotika, Vakciny — infekcni biologie

* Inzulin — lécba diabetu, vyroba proteinu

* Objev DNA — Watson-Crick

* National Institutes of Health (NIH) in 1948

* Rozvoj technologii — PCR, sekvenace,
monoklonalni protilatky, zobrazovani,
rekombinantni proteiny

* Personalizovana medicina — vyuziti modernich
diagnostickych metod (NGS)



Personalizovana vs. pfesna medicina

PRECISION
Targeted Therapies

Based on
Molecular Diagnostics

PERSONALIZED
Prevention and Treatment based
on Environment, Lifestyle,
and Genes

Precision Medicine
is science — a new wave of
evidence-based medicine

Personalized Medicine
is a practice — managing a
patient’s care more
holistically




Jak mérit trendy

* Financovani vyzkumu
* Rychlost publikovani v rliznych oblastech
* \/lyvoj velikosti trhu — od diagnostiky az po ,wellnes”

Nutrition & wellness
$196 billion

Nutrition/organic care Health clubs & spas
$120 billion $37 billion

Complementary &
alternative medicine

Medical retail
$36 billion

$3 billion

Source: PricewaterhouseCoopers



Podil statl na vyzkumu

publikace/rok

Table 1. List of countries with the greatest number of publications in high-ranking journals

Ranking
1

Ww N ;A WwN

fry
(=]

2000 (3,230 papets)
USA (44.1%)

Great Britain (8.9%)

Germany (3.9%)
Japan (3.1%)
France (2.4%)
Canada (1.9%)

Netherlands (1.8%)

Switzerland (1.0%)

Australia, Italy (0.9%)

Sweden (0.8%)
Italy (#39)

South Korea (0.1%)
Spain (0.2%)

2005 (2,780 papers)
USA (41.9%)

Great Britain (5.8%)

Germany (3.1%)
Japan (2.8%)
France (1.7%)
Canada (1.3%)

Netherlands, Italy (1.2%)
Switzerland (0.8%)

Australia (0.8%)

China, Sweden (0.4%)

Italy (#7)

South Korea (0.2%)

Spain (0.3%)

2010 (2,461 papers)
USA (40.6%)

Great Britain (4.4%)

Japan (2.7%)
Germany (2.6%)
France (1.3%)
Canada (1.2%)

Netherlands (1.1%)
Australia, China (0.9%)
Switzerland (0.5%)

Spain (0.5%)
Italy (0.4%)

South Korea (0.2%)

(#10)

2013 (2,554 papers)
USA (38.2%)
Great Britain (4.7%)
Germany (3.2%)
Japan (1.9%)
China (1.4%)
France (1.3%)
Canada (1.1%)
Switzerland (0.9%)
Australia (0.9%)

Netherlands (0.7%)
Italy (0.3%)

South Korea (0.2%)
Spain (0.5%)

2015 (2,589 papers)
USA (36.9%)
Great Britain (3.9%)
Germany (2.1%)
China (1.4%)
France, Japan (1.2%)
Switzerland (1.2%)
Canada (1.1%)
Netherlands (0.9%)
Australia (0.5%)

South Korea, Sweden (0.4%)
Italy (0.3%)

South Korea (#10)
Spain (0.2%)



Financovani biomedicinského vyzkumu

e Soukromi investori —J&J, Merck, GE
e Stat — granty, organizace (NIH)

e Stret zajmu — nutna uUprava legislativy, zverejnovani
zdroju financovani

e otevreny vyzkum — moznost zkontrolovat vysledky



Hlavni oblasti biomedicinského vyzkumu

* Méni se podle akutnosti a podle urovné znalosti,
podle novych technologii

* Infekcni biologie, mikrobiologie — hygiena,
antibiotika, vakcinace, virostatika

* Imunologie — autoimunita, imunoterapie, nadorova
onemocneéni

* Genetika — mutacemi zpusobené nemoci, SNP
* Neurodegenerativni onemocneéni

* Nove se objevujici nemoce, infekce — AIDS,
rezistence k antibiotikiim



Soucasné trendy v zakladnim vyzkumu

e Starnuti
* Rakovina
* Obezita, metabolicky syndrom, diabetes melitus Il

* Neurodegenerativni onemocnéni
* Alzheimer
e Parkinson
* ALS — amyotroficka lateralni sklerdza

e Zanétliva onemocnéni
e Artritida
e Crohnova nemoc

e Kardiovaskularni nemoci
* Bude probrano podrobnéji pozdeji




Biomedicinské inzenyrstvi (BME)

* Aplikovany/translacni vyzkum
* Interdisciplinarni, nova oblast, prudky rozvoj
e Diagnostika (Al), monitoring, terapie, prostetika,...

» Siroké spektrum oblasti od mechaniky po
kvantovou fyziku



Wearable devices

* monitoring funkci
 |oT (internet of things), smart clothes

Wearable Body Area Sensors Internet-connected Gateways Cloud & Big Data Support
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BME — Prostetika, Biomaterialy
-

* Biomechanika — pohyb, tekutiny
v téle, kardiovaskularni

* bionics (Biology + electronics)

* Robotické exoskeletony —
myopatie

* https://www.youtube.com/watch
?v=F brnKz 2tl

* Biokompatibilni materialy

* nahrady, implantaty, stenty, stehy,
nervove okruhy, cocky,...



https://www.youtube.com/watch?v=F_brnKz_2tI
https://www.youtube.com/watch?v=F_brnKz_2tI
https://www.youtube.com/watch?v=F_brnKz_2tI

NeuroinZenyrstvi

 modelovani a vytvareni neuralnich siti

* \/yvoj Al — predstava, ze dostatecné mnozstvi
synapsi stvori vedomi (kvantové pocitace)

* Prostetika — mapovani chovani mozku, signaly
prelozeny do pohybu protézy




Tkanove inzenyrstvi

Basic principles of Tissue engineering

/ g \ Monolayer
cell culture

Cells from a =
biopsy ——
Generation of
a graft T
Cultureon a 3D @--_’i—-ﬁ
@ polymeric Expanded







Genoveé inzenyrstvi

e zalozeno na principu rekombinace DNA

* pouziti vektoru — plazmidu, viru

* Knock-out — vyrazeni genu

* Transgen, cisgen — vlozeni genu

* RNA interference — potlaceni exprese

* CRISPR — moznost editace genomu, genu v
zarodecneé linii

* Eticka otazka — genova terapie



Transgeneze X cisgeneze
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Genova terapie

e Leukémie, SCID, Parkinsonova choroba
* Glybera

* Prvni kinicky povolena genova terapie
 deficience lipoprotein lipazy (pankreatitida)

Viral New Viral
DNA Gene DNA

@' Modified DNA injected
a

Vector binds to
cell membrane

Vector injects new
gene into nucleus

Vesicle breaks
- down releasing

5| uv\ er using new gena _5':3.- '

.ot E
PR -

oy e

e ‘e



Biomedicinské zobrazovaci metody

* In vivo zobrazeni anatomie a fyziologickych procesu
* X-ray

* radioizotopy — nuklearni medicina

* Fluorescence

* Intravitalni mikroskopie




Radiography Computed tomography Ultrasound

CRL 6.51cm
GA 12w8d 71.8%

Elastography

Bx: Grade 3 Fibrosis u = 6.95 kPa

10
4 6

Shear Stiffness (kPa) Shear Stiffness (kPa)

2




Nuklearni medicina

SPECT - Single-photon emission computed
tomography

.........




Bioinformatika

* Prace s databazemi

* Modelovani — procesy, 3D struktury

* lyvoj ,pipelines”

e Detekcni procesy — mutace v genomu (SNP)
* Dnes hlavné prace s ,big data” (NGS, MS)
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Srovnavani sekvenci — proteiny, DNA

IRIS-1 AT IHY EAAARIVATPTMLMCARFPQVVN MBI
IRIS-2 HEK'- 3 1Ny WEARARIAVMMVKYCLQEPTR E L
IRIS-3 HEK'- G 1Ny EAAARIZWVMRMRYMCLRIPQITIN MEY#
IRIS-4 IAE 1Ny WEARAASAFAVNARCAVYGVS E
IRIS-5 HEK' -5 1y GEAAARIVAVPVMECCAIFPEVVN MEa#
IRIS-6 AT IHY EAAARIVAMVMLCCMSFPTR

IRIS-" HEK' -3 1My GKARARIWAMVVCDGAMLGIR

IRIS-8 EEAVIARIGIHY AEGVEFANPVIMMCYGGASEN |
IRS-1 LIAVIARY 13X SEARAV-SVVAVIRIGTQAFE

IRS-2 LUAVISARY 13X VARAT \GVVIVPY SLGPEPVV

IRS-3 QIAV\AY 1Hx WEARVV-AVIGGLRSGSEFDGEFE

IRS-4 LISTVIARYHINA GWEARGCANGVIIVAESLVESVE

IRS-5 LIAVIYAY 1HY GEARAV-GCVAVVTRLIEVPTLE

IRS-6 EEAVIYARY 13X EARAACSGVVAVNRLVAVPSLE

IRS-7 QIMAV\YRY 1HY S EARGCAINGAGLMPLSGAVSPPPT

IRS-8 EIAVIAARY 13X SEARAVIIGEVIQLRTAAFVTPPPLPK~VY Y

IRS-9 ERARAIANMANY RAAAAIOAQFVSKSLVQETQ

IRS-10 HE! \YLE EA--IGILGVVILEGSARSVA

IRS-11 HEK!\YLE EA: -G GVVILPGSAMPVE

IRS-12 LIAVIA Y EA--GILGVVILEGSAMPVA

EARAR-GAVFATTSLGSPIVE
AGFINP/{PGWTPSAERAMRLRPLD
VAAAVi L ST SMAVRTSVGRPRIVN
IRS-16 HKAGTE VTAAV I TVRTVNGGRGRSIAVPQIRR
IRS-17 AAVINY VAA - T\ SVGIVAKSIPQTAN
IRS-18 HEKINALDVDE EAVAL-SGIVRHSRPPEEEVQ
IRS-19 HEK I¥Y S VAAAT/\GIGITIAISLPPPPVE
IRS-20 QIAF ¥y GEAAVVEIGVIGATRLAFHPSEN
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