T want yov o

visualize +hatyoure
a genekically- aitered
VifUS ..,

Gene Therapy

ﬁ Doc. MUDr. Iva Slaninova, Ph.D.

iologicky ustav

Lékaiska fakulta ® Masarykova univerzita



Wolekularni terapie

Aplikace technik molekularni
biologie a genetiky v terapii

ene thera
8 p8 (5D 150 Db o

Davidzan




Wolekularni medicina

Genova terapie

Molekularné cilena terapie
(bioterapie)

Perzonalizovana medicina
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enova terapie

Transfer nového genetického

materialu do bunék jedince za
uéelem dosazeni lééebného efektu




Injection of fertilized egg

-Terapie
Soma"'iCkych bunék Germinal therapy

*Terapie bunek i
zarodecného epitelu
nebo bunek
embryonalnich

Somatic therapy




‘ In Vivo Gene Therapy
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Ex Vivo Gene Therapy ‘

Fibroblast cells Stem cells

Zdroj: www.biochem.arizona.edu/.../ Lecture25.html.



Zakladni strateqgie GT

« Vymeéna nefunkéniho genu za spravny

«  Gene augmentation (posileni) — vpraveni kopie zdravého genu bez odstranéni
ptvodniho

* Nukleazy - Zinc Fingers (ZFN)

- TALENSs
- CRISPRICas9 | Terapeuticky gen- vektor - cilova bunka
* Ribozymy

* siRNA - interferujici RNA
+  Rizena sebevrazda bb (VDEPT - viral directed enzyme production therapy)
« Geneticka chirurgie

« Antisense DNA, RNA (protismysiné oligonukleotidy)
Ribozymy

Preventing Translation Using Ribozyme Technology

Protismysiné oligonukleotidy

Preventing Translation Using Antisense Technology

\
ranscription

NA strand ribo; bind!

Mutated to mﬂhl 1A sr::n:l ribazyme cleaves mRNA strand

tise
binds to mRNA strand gene preventing translation

preventing translation




«Zinc Fingers (ZFN) - o , -

Vytvari dvouretézcove zlomy DNA a jejich
*TALENs oprava neni pfesna — mutovany, nefunké&ni
‘CRISPR/Cas9 gen

ZFN TALEN CRISPR-Cas system

l DNA double-strand break

at nuclease target site

Non-homologous end-joining l Homology-directed repair

e Ex0geenous donor template ——el
Gene disruption Gene correction Transgene insertion

Nature Reviews | Genetics




(Clustered Regularly Interspaced Short Palindromic Repeats)

Navadéci
Snip snip here sekvence RNA +
cas2 enzym Cas9 neb
There are two main components podobny

Guide
RMA

of CRISPR-Cas9: the Cash enzyme,
which cuts DNA, and a snippet of
EMA that guides these molecular
scissors to the sequence that
scientists want to cut.

Target

sequence Ledford.2016. Nature 531. 156-159.

Systém umoznujici adaptivni imunitu u bakterii. Umoznuje zapamatovani si virove
DNA a po jeho opétovném ataku CRISPR RNA navadéci sekvence tuto DNA
rozpozna a navede na ni enzym Cas9, ktery ji Stépi. Opravy takto nastépené DNA
vedou k mutacim.

Podobné se da vytvorit navadéci sekvence k urCitému genu a systém pouzit k jeho
inaktivaci, nebo naopak aktivaci, nebo vlozeni urcité sekvence......



. CRISPR - CasY system

(Clustered Regularly Interspaced Short Palindromic Repeats)

CRISPR inhibition

A brokan, or ‘dead’, Cas9 ereyme wlill block
the binding of other proteins, such as RMNA
polymearass, nesded to express a gana.

RMA
‘_ﬁdymm

k

CRISPR activation

An activating proteln can be attached to a
dead Casd protein to stimulats sxprassion
of & specific gane.

Inducibilni — aktivita Cas9 muze byt
regulovana jinym proteinem nebo
chemikalii (svétlo, doxyciklin)

Inhibice — Cas9 je nefunkéni, ale
brani vazbé RNA polymerazy

Aktivace — na nefunkéni Cas9 je
navazan protein stimulujici
expresi daného genu

1\

Inducible CRISPR

Ca39 — either dead or alve — can
be couplad to switches zo that it can
be controlled by certain chamicals
or, az shown below, by light

Ledford.2016. Nature 531. 156-159.



andidati genove terapie

> Klasicks geneticks cnorooy
*Vrozené vady metabolismu
—Fenylketonurie
—Hemofilie A,B
—Poruchy srazlivosti
—Poruchy imunity — ADA deficience
—Cysticka fibroza...
omplexni gensticks chorooy
»Rakovina
»Kardiovaskularni choroby
=Neurodegenerativni choroby
=Diabetes....

> Zisiang ceneticie vacdy — virové nemoci (EBV, HBV, HIV)




Genove transportni system

* Nevirove

— Mechanické — mikroinjekce, particle bombardment - biobalistika, elektroporace,

ultrazvuk
— Liposomy (13%) - lipofekce

— Receptorem umoznény transport (liganda)- Transferin

— Polykationty

* Viroveé - retroviry
— Adenoviry
— AAV
— Lentiviry
— Vaccinia virus
— Herpes viry (HSV, EBV)
— Papovaviry (SV 40)

Transgen - vnaseny gen

Adantvirus
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TRENDS in Blotechnology |




Porovnani vektoru

Vektor Vyhody Nevyhody

: Stabilni exprese, relativné Vyzaduje délici se bb,
Retroviry  pezpeény po odstranéni  nahodna integrace,

vlastnich genu nizky titr

Adenoviry Vsechny typy bb :I'oxic_ita’(virovévg,eny),
Vysoky titr imunitni odpoved
Bezpecny (odstranéni Mensi inzert

AAV virovych ggnﬁ), vsechny pracné
bb, stabilni exprese

Liposomy Absence viru Nestale, nedostatecny

Vétsi DNA transport do jadra



retroviru

eno

Mize obsahovat i onkogen

], N por ] ens [

/’[ Geny pro kapsidu, polymerazu, obal

Signal pro obaleniviru
»psi”

Repetitivni sekvence — obsahuiji silné promotory a enhancery,
umoznuiji inzerci




Retrovirovy vektor

env

POOOCROCOOL:

»Krotky“ (terapeuticky) virus — obsahuje pozadovany gen, je
schopen tvorit virové ¢astice, neni schopen replikace

TR [

LTR

Packaging cell -
~balici bunka”

PACIENT

~pomocny“ virus- neni schopen tvorit virove castice, ale
obsahuje geny dulezité pro vytvoreni virové castice a tim

pomaha v replikaci ,,krotkého viru“

LTR pol | eno

LTR



http://biopsy.files.wordpress.com/2009/03/patient-centered-care.jpg

Dr. W. French Anderson -
National Heart, Lung and
Blood Institute

oZari 1990 1. klinicky
experiment (SCID, deficience
ADA) - 4 leta holcicka
Ashanti DeSilva (NIH), T-
lymfocyty, transformovany
retrovirovym vektorem -
terapie ex-vivo



http://www.pbs.org/saf/1202/images02/genetherapy7.jpg

deficiency

« Nefunkénost -T i B lymfocytt (chybéni y-c-fetézce a
ztrata cytokinového receptoru)

* Infekce

« Klasicka lé¢ba - transplantace HLA-identické kostni
drené

« Po genové terapii (T-lymfocytl) 9 z 11 déti zlepSeni

Jsou schopny zit doma, ne pouze ve sterilnim stanu

* Maji normalni pocet T lymfocytu CD4 i CD8

* Odpovidaji normalné na vakcinaci (diphtheria, tetanus, polio — produkce T
lymfocytu a protilatek).

* Produkce pl, je normalni nepotrebuji infuze imunoglobulinu



R. Michael Blaese, MD with Ashanthi DeSilva (left)
and Cindy Kisik at the IDF 2013 National
Conference, June 29.



Geographical Distribution of Gene Therapy Clinical Trials Indications Addressed by Gene Therapy Clinical Trials

(by Country) WILEY WILEY

USA 63.7% (n=}174)
UK 11% (n=203
Germany 4.4% (n=81)
France 2.9% (n=53)
Switzerland 2.7% (n=50)
Netherlands 1.7% (n=31)
Australia 1.6% (n=30)
Belgium 1.5% (n=27)

China 1.4% (n=26)

Canada 1.3% (n=24)

Other countries 7.8% (n=144)

Cancer diseases 64.4%
Cardiovascutar diseases 8.4% (n=155)
Infectious diseases 8% (n=147)
Neurological diseases 2% (n=36)
Ocular diseases 1.5% (n=28)
Inflammatory diseases 0.7% (n=13)
Other diseases 1.4% (n=25)

Gene marking 2.7% (n=50)
Healthy volunteers 2.3% (n=42)

00000000009
o0000OGOO

The Journal of Gane Madidine C 2012 Joh Wilsy-ond Sons 18 Wi wilay:co.dk/genmed/dlinical The Journal of Gene Medicine, © 2012 John Wiley and Sons Ltd www.wiley.co.uk/genmed/clinical

Ginn et al., J Gene Med 2013: 15: 65-77.



enova terapie v praxi

Table 1. Owerview of clinical trials mentioned in the text

Léciva na bazi
genové terapie
2004 - Cina -
Gendicine C -
adenivirus p53 -

skvamoézni Ca hlavy a
krku

2012 -Evropa- Glybera

(alipogene triparvovec) |.

- familiarni deficience
lipoprotein lipazy AAV
2017 — Luxturna -
dédicna slepota,
mustace v RPE65 genu
https://luxturna.com/

Target cell finjection
T-iymphocytes
HEL

HEL
HEL
HEL
HE:LC

Hepatooytes

T-hymphocytes

Keratinocytes

| irvborarbu o ural

| b SOukar

Systemic/portal wein

Subretinal

| ibrascenebra
(subthal nucl)
| mbracenebral
| mbrameu scoutar,

<y temigiporiall w=in

Coronary artery infuson

D sease
ADE-SLID
AL E-STID
SUD-X1
WAL

X-0Ch
B-Thalass s=mis
X-ALD

MLD

HIV

Famnili al
hypenchabes terinemia

B-o=ll ma ETRE MECHES

Epidermalysis

bulloss

He=ad and neck
S LM LS

el @ rdinama

LPLD

aram

LA

Pari@nson’s disesce

Canawan diseass

Hazmaphia B

Heart failure

Transgene
AR

AL

1L Ry
FYALF
§pe1e=
[i-Glahin
ABCDI
L]

ZFHs targeting CCRS
{knock out)

LOL rec=ptor

Amt-L019 CAR

laminin & fi2

p53

LA

[o) |

RPEGS

CAD
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Vector
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Refs.

Himese =t 3l IHBE:I

Biuti =t al [2042)
Cavazrzana-Calwo et al (2000
Bortug =t al {2018) and

Muti et al [2013)

Ott =t al [2006)
Cavarzana-Caleo et al (2010
Cartier et al (2009)

BEFE =t al (2003)

Burnett et al [20712) and

L= =t al (201

Gromsman et al (1994

Kalos =t al (2011),
Kochenderfer =t al (2010)
and Porter =t al [2011)
Senimrcrek ot al 2013
Wailia =t al [2006)

Wikon [2005) and
Sthi & Fheng [2009)

Bryant et al [2013) and
sl min et al 201 E:I
Raper =t al (2002, 200%)
Bainbridge =t al, 2008;
Hauswirth et al, 2008
Ma guire =t al, 2008
Kaplitt =t al {2007) and
L=WWitt =t al [2011)
Leane =t al (2013

Koy =tal {2000
Manno =t al [2008)
Hathweani =t al [2011)
jessup =t al [2011)

Kerstin B. Kautmann et al.EMBO Mol Med (2013) o, T042-16671



‘ Genova ’reraEie VS. §enetické chirurgie

* Genova terapie - geny * Geneticka chirurgie -
maji za Ukol zasdhnout cilem je destrukce
hebo opravit urcitou nhadoru jako takového -
molekulu zasadni pro vyuziva vlastnosti
existenci nddorové bunky spolecné pro vSechny
nadory
* Onkolyticke viry -
—_— sebevrazednda GT
» Anti-angiogenni therapie
~—_ + Viroterapie - oncolytické
Inhibice overexprimovanych gen( Destrukce nadoru a V“"Y (r‘eOV'r‘Y)

k 1), nebo d i tastaz onkolytickymi . _
widor naivovnthogons b Onkolytické vektory
(tumor-supresor) sebevrazednymi geny r-oznas| prrof| nadopove

_ _ Strategie genetické
Strategie genové terapie chirurgie 9 eny

- RNA interference

LSRN 00 -0 5, A cdecwdol Geingt dos, A drodicd oy annd Wiodogmg 2005, T 2d, 8%, 5 g S0-010 S Mletton Press, B, 2009




Vpraven specifickym vektorem za
specifickym promotorem do nadoroveé

HSV-TK

3. GCV triphosphate

Toxicky — terminace
syntézy DNA,

2. Gancyklovi DNA fragmentace
~prodrug*

4. Smrt bunky

Gancyklovir — analog nukleosidu - je HSV -TK, fosforylovan na monofosfat, ktery je dale
dotvoren bunéénymi kinazami na trifosfat -vysoce toxicky, protoze blokuje syntézu DNA.



Rizika a problemy GT

Gene Therapy

* T urnon, T tyenoff... "

)

‘Onkoviry jako vektory
*Geneticky manipulovane bb

v'Pfenos virovych genu i onkogent, virem indukovana
mutageneze

v’ Imunitni odpovéd’ vici proteinim virovych vektor(
v'Problémy s udrzenim hladiny genové exprese



Rizika a nelspechy 6T |duds

zari 1999: USA- zemrel mladik s casteCnym vrozenym
deficitem OTC (ornithine transcarbamylase) — aplikovana
velka davka adenovirovych castic s OTC genem -zhorSeni
druhy den po aplikaci- dalsi den upadl do komatu- syndrom
akutni respiracni tisne - dva dny pozdeji smrt na
multiorganové selhani zpusobené anoxii.

Syndrom systémové zanétlive reakce (SIRS) ackoli byl
virus aplikovan do jedné z jaternich cév a mél zustat v jaterni
tkani, byl nalezen i v ostatnich organech.

$ 517000 finan¢ni vyrovnani rodiné pacienta, restrikce
lekarum, ktefi vykon provedli — snizeni investic do GT

Francie 2002 - terapie kmenovych bb kostni drené -

Rijen — prosinec 2002!!!

deti s X-SCID lécené genovou terapii leukémii T-bunék- leukémie - LMO2 gen
V5 pﬁpadech z 20 - leukémie LMO2 = LIM domain transcription regulator angiogeneze



Molekularne cilena terapie

Cytotoxické latky pouZivané v terapii rakoviny za Gcelem postihnout

molekularni drahy zodpovédné za kancerogenezi a udrzeni nadorového

fenotypu.

*Terapie, ktera cilené ovliviuje pouze rakovinné buriky s minimalnim Gcinkem
na burky normalni

*Mirnéjsi nezadouci Gcinky nez klasicka chemoterapie.

Inhibitory tyrosin kindz
Anti-angiogenni a antimetastatické latky
Inhibitory signalni transdukce

Inhibitory rdstovych faktord a jejich
receptoru (VEGF a VEGFR; EGFR)

mTOR inhibitory

Inhibitory proteasomu .
Inhibitory CDK
oY Protildatky

Inhibitory Bcl-2



http://images.google.cz/imgres?imgurl=http://www.thecancerblog.org/images/blogs/7-2007/treatment-target-12170.jpg&imgrefurl=http://www.thecancerblog.org/blogs/archives/The-cancer-blog/Oct-16-2007.html&usg=__jhkNIy91gr4k_oAsgNrkKVq-pGM=&h=300&w=273&sz=20&hl=cs&start=54&um=1&itbs=1&tbnid=LN4i17_Ea1zbkM:&tbnh=116&tbnw=106&prev=/images?q%3DMolecular%2Btargeted%2B%2Btherapy%26start%3D36%26um%3D1%26hl%3Dcs%26sa%3DN%26rls%3Dcom.microsoft:cs:IE-SearchBox%26rlz%3D1I7ADBR_en%26ndsp%3D18%26tbs%3Disch:1

olekuiarne cliena rerapie= blologICKa

Biologicka terapie (imunoterapie, bioterapie)

Protinddorové vakciny - stimuluji nebo restauruji schopnost imunitniho
systému postihnout nddor.

2 typy:
1) Preventivni (profylaktické) vakciny - prevence rakoviny u zdravych.
2006 - the U.S. Food and Drug Administration (FDA)
vakcina Gardasil® (Silgard)- chrani proti infekci HPV (human papiloma virus)
— zplsobuje asi 70 % Ca ¢ipku déloZniho
Cervarix® - Evropa

2) Lécebné (terapeutické) vakciny - |€C1 rakovinu posilenim imunitni reakce.
Oslabené nebo usmrcené nadorové buriky nesouci nddorovy antigen.

Vlastni pacientovy burky - autologni vakcina

Buriky jinych pacienti - allogenni vakcina

- Terapie melanomu.




Protilatky v lecbe nadoru

Imunokonjugdty (imunotoxiny)

Protilatky (monoklondlni) konjugovany s cytotoxickou latkou,
radioisotopem nebo toxin aktivujicim enzymem za dcelem jejich
dopraveni do nddorové buriky.

.Nosice" - dopravuji cytotoxickou molekulu do nadorovych bunék,
aniz by poskodily bb normalni.

Table2. Recently carned outclinical trials using engineered antibodies and immunotg
Antibody/immunotoxin Cancer type Trial phase R4
Trastuzun@ Breast 3
Bevacizumab Colorectal 3
Rituximab Non-Hodgkin lymphoma 3
Cetuximab Colorectal 3
Lintuzumab Acute myeloid leukaemia 3
Anti-mesothelin immunotoxin Ovwanan, pancreatic 1
Anti-CD22Fv B cell 1
IL-2R targeted Diptheria toxin T-Cell lymphoma 3
Ricin A chain Hodgkin’s lymphoma 112
Panitumumab Colorectal 3
Edrecolomab Colon 3

_

CUREENT SCIENCE, WOL. 86, NO. 12, 25 JUNE 2009




Protilatky v léecbé nadort

Monoklonalni pl po vazbé na nadorovou bb mohou:

Zviditelnit nadorovou bunku pro imunitni systém. Rituxan vdze
se na CD20 antigen na povrchu B lymfocytl - oznaCuje je pro
reakci imunitniho systému - Ié¢ba leukémii

Blokovat receptory ristovych signédli. Cetuximab (Erbitux) - Ca
strev, krku a hlavy, vdZe se na receptory epidermdlniho ristového
faktoru.

Dopraveni radiace do nddorovych bb - vazba radioaktivni ¢dstice
na monoklondlni protilatku - Ibritumomab (Zevalin) - non-
Hodgkinlv lymfom

Dopraveni chemoterapeutik do nadorovych bb - Gemtuzumab
vdze se na specifické receptory leukemickych bunék.




o440

Pouziti pro obnovu funkce tkani
- nosice, které dopravuji komplexni signdly do cilovych tkani

Patient

Autologous

iPSC Nobelova rensplanition L et
Cena 2012 - Transplantable

& comectad
patient-spacific

Shinya Yamanaka = 3

o
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Figure 4. Proposed concept of designer nud ease-mediated comrection of patient-specific iPSC for autologous transplant ation. Fatient-spedfic iP5 cainbe
generated from somatic o=lls feg. fibroblasts, blood cells) and reprogrammead into pluripatent stem o=l 25 discussed in the tent. Targeted gene mmecdion cin be
meediated via sither zinc-finger nudeases (FFN), tanscription activator like effector nucleases (TALEN) or RMA guided -nudeases of patient-derived cells sither
before or after reprogramming ta i PSC. Dis sxoe-comected somatic cells can be derved from the §PSC and neintroduced into the patient 2 an auiologous

Budoucnost - 1é¢ba iPSC kombinovénd s genovou terapii ?!

Kerstin B. Kaufmann et al. EMBO Mol Med (2013) 5, 1642-1661




racionalni navrh
inhibitort, Chemickd
genetika

Malé molekuly,
inhibitory kinaz
Three dimensional structure of a protein whose activity is implicated in certain cancers. At right is a close-up
view of the structure with a bound inhibitory drug (potential chemotherepeutic).

Pocitacova metoda (,,in silico”) — kombinuje strukturni determinaci a pocitacoveé
modelovani za ucelem identifikace malé molekuly, komplementujici se zbytky
AMK v aktivnim misté enzymu

3D - rekonstrukce

Léky na AIDS (Argenase, Viracept) vyvinuty na zakladé krystalické struktury HIV-
proteazy

Léky na rakovinu - Gleevec (Imatinib; BCR-ABL), Tarceva (EGFR)
Léky na chripku - Relenza, Tamiflu — krystalicka struktura neuraminidazy



Post-genomicka éra a
personalizovana medicina

1'VE DONE [T//1vE CRACKED

THE HUMAN GENETIC c 21! ) &9




Post-genomicka era

2003 - HUGO

Asociacni genomické studie (Genome-wide association
studies - GWAS)

Jednonukleotidovy polymorfismus (SNP single
nucleotide polymorphism)

Personalizovana medicina

Farmakogenetika

Asociacni genomickeé studie (GWAS) :

Studie zabyvajici se variacemi lidského genomu zamérené na identifikaci genl asociovanych s
urcitymi znaky nebo vyskytem urcitych chorob nebo naopak odolnosti proti témto chorobam




- Lids genom obsahuje:

21 000 genu kodujicich proteiny
2 850 genu pro monogenni mendelistické choroby

1 100 lokust ovliviujicich 165 polygennich chorob

230 genu souvisejicich s rakovinou




’erzonalizovana medicina

,It’s far more important to know what person the disease has than what disease the
person has.“— Hippocrates

Navrzeni 1é¢by na miru jednotlivym pacientim zaloZené na
porozuméni molekularnim mechanismim choroby a vySetreni
pacienta metodami molekularni biologie.

Traditional "One-Size-Fits-All" Approach Personalized Medicine Approach 'l' P M C
all patients with the same Treatment strategy based on DERSONALIZE
diagnasis receive same treatment patient’s unigue genetic profile MEDICINE COALITION

Genetic Profile A:
Targeted Therapy

..";- S
Genetic Profile B:
Standard Therapy

The Case for Personalized Medicine 4th Edition | 2014

i




Farmakogenetika

Afier: personalized medicing (from genotype to phenotypa)

Befora: '| ||

one-dose-fits-all | | | | | | |
appaoach
O O metabolizers metabolizers metabalizars medabolizars

100 mg

500 mg 100 mg 10img

Figure 1. Representation of the trial-and-error or one-dose-fits-all approach versus personalized medicine. The left panel shows
a situation in which everyone gets the same dose of a drug, regardless of genotype. The right panel shows a personalized medicing
approach in which the dose of the drug is selected based upon genotypical, and therefore phenotypical, variability of the metabolizing
enzyme. (Source: Xie, H., Frueh, FW., (2005). Pharmacogenomics steps toward personalized medicine. Personalized Medicine, 2(4), 333.)

Paving the Way for Personalized Medicine: FDA’s Role in a New Era of Medical Product
Development . FDA’s Role in a New Era of Medical Product Development
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Figure 2. Percentage of patients for whom drugs are ineffective. (Source of data: Spear, B.B., Heath-Chiozzi. M., & Huff, J. (2001).
Clinical application of pharmacogenetics. TRENDS in Molecular Medicine, 7i5), 201-204.) (Mote that lack of efficacy in a given patient

may reflect a complex interaction of factors and can also result from inadequate or inappropriate dosing regimens of a drug that would
otherwise be effective, as well as lack of adequate patient compliance.)
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Cilena terapie a diagnhostika

Trastuzumab (Herceptin®, Genentech, Inc.) - Robert Weinberg 1979 objev “HER-2”
(human epidermal growth factor receptor 2) genu, jehoz produkt je zu€astnén v nékolika
drahach fidicich rust nadora - onkogen.

20 let studia Dennis Slamon - Overexprese HER2 se objevuje u 20-25% nadoru prsu,
Kvéten 1998, meeting American Society for Clinical Oncology (ASCO), Slamon presentoval
Herceptin — protilatku pro Ié¢bu HER2 pozitivnich nadorl — revoluéni okamzik — prvni
molekularné cilena terapie - vypnuti funkce HER2 genu a zpomalujici rtist nadoru, aniz
by poskozovala zdravé tkane.

Zari 1998, FDA potvrdila Herceptin pro terapii HER2 pozitivnich nadori prsu. Ve stejny
den uveden do praxe HercepTest (DAKO), in vitro assay detekujici HER2 overexpresi

= zaroven vyvinut cileny lék a cilena diagnostika nemoci

U pacientek bez mutace HER2 je Iék neucinny, nebo muze prubéh nemoci zhorsit!!!

Vemurafenib (Zelboraf)

srpen 2011, FDA souCasné zavedla vemurafenib (Zelboraf) spoleCné s Cobas 4800 BRAF
V600E mutation testem, pro IéCbu metastatického melanomu. Vemurafenib inhibuje
BRAF V600E mutaci, ta se vyskytuje asi u 50% pacientl s melanomem.

VSsechny nadory nejsou stejné — ani na nadory 1 organu neni mozno
pohlizet jako na 1 nemoc!!!

http://www.biopticka.cz/cz/sluzby/molekularni-genetika/diagnostika/HER2-

neu.php# . . . . .
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FIGURE 2: FORGING A PATH TO PERSONALIZED CANCER CARE

TACKLIMNG TUMORS: Percentage of patients whose turmors were driven by certain genetic mutations that
could be targets for specific drugs, by types of cancer.

Colorecta I - ¢
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Other gynecological
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Source: Wall Street Journal Copyright 2011 by DOW JOMES & COMPANY, INC. Reproduced with permission
of DOW JOMNES & COMPANY, INC.
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Personalized Medicine Improves Health Outcomes

Myelogenous Leukemia Colorectal Cancer Heart Patient
5-Year Survival Rate 5-Year Survival Rate Hospitalization Rate
Following introduction of Following discovery of Documented when
imatinib, a targeted molecular receptors associated genetic information was
therapy’ with tumor growth? used in dosing warfarin®

Personalized Medicine Can Make the Health System More Efficient

Chemotherapy Colorectal Cancer Strokes
Use Costs Prevented
If women with breast If metastatic colorectal cancer If a genetic test was used
cancer received genetic patients received genetic to properly dnsE blood
testing prior to treatment® testing prior to treatment® thinners
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Pain: Some individuals may be ultra-rapid metabolizers because of a
specific CYP2D6 genotype. These individuals convert codeine into its
active metabolite, morphine, more rapidly and completely than other
people. This rapid conversion results in higher than expected serum
morphine levels. Even at labeled dosage regimens, individuals who are

Codeina L ultra-rapid metabolizers may have life-threatening or fatal respiratory
depression or experience signs of overdose (such as extreme sleepiness,
confusion, or shallow breathing). Some individuals may be poor
metabolizers because of a specific genotype. These individuals do not
convert codeine to morphine sufficiently and may have no pain relief.

Epilepsy and bipolar disorder: Serious dermatologic reactions are
associated with the HLA-B%15:02 allele in patients treated with carbam-
Carbamazepine HLA-B*1502 azepine. Patients with ancestry in genetically at-risk populations should
(Tegretol™®) be screened for the presence of HLA-B*T5:02 prior to initiating treatment
with Carbamazepine. Patients testing positive for the allele should not
be treated with the drug unless the benefit cearly outweighs the risk.
Patients with one or more variant CYP2C9 alleles have decreased S-warfarin
CYP2C9 clearance. The frequencies of these alleles in Caucasians are approximately
Warfarin N% and 7% for CYP2C9°2 and CYP2C9*3, respectively.
(Coumadin®) Certain single nucleotide polymorphisms in the WKORCT gene (e.q.,
VKORCT ; : . : .
of Table 2 =-1639G>A) have been associated with variable warfarin dose requirements.
gb PHARM Warfarin Protein C or S Hereditary or acquired deficiencies of protein C or its cofactor, protein S,
deficiencies have been associated with tissue necrosis following warfarin administration.
Fhifadeiphia Leukemia: Indicated for the treatment of newly diagnosed adult and
Chromosomes” pediatric patients with Philadelphia chromosome positive [indicated by
BCR-ABI presence of BCR-ABL] chronic myeloid leukemia (CML) in chronic phase.
Imatinib ?pﬁggﬁt-derived Myelodysplastic syndrome: Indicated for adult patients with myelo-
(Gleevec™) growth factor dysplastic / myeloproliferative diseases (MDS/MPD) associated with
of Table 2 P platelet-derived growth factor receptor (PDGFR) gene re-arrangements.
c-KIT Stomach cancer: Indicated for the treatment of patients with Kit (CDT7)
positive unresectable and/or metastatic malignant gastrointestinal
Trastuzumab HER2 / neu Breast cancer: Indicated for [} the treatment of HER2 overexpressing
(Herceptin®) receptor breast cancer. i) the treatment of HERZ2 overexpressing metastatic
of Table 2 gastric or gastroesophageal junction adenacarcinoma.
Vemurafenib Melanoma: Indicated for the treatment of patients with unresectable or
{ZelborafTM) BRAE VEDOE metastatic melanoma with BRAF VE0OOE mutation as detected by an

cf Table 2

FDA-approved test. The BRAF VEOOE mutation is found in about half of

melanoma patiants.
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Statins *

SINM PhyzioTypa™

CV: Predicts risk of statin-induced neuro-myopathy, based on a
patient's combinatorial genotype for 50 genes.

Warfarin *
(Coumadin®)

gb PHARM Warfarin

ed@-PCR LC Warfarin
Genotyping kit

Genotyping single nucleotide polymorphisms (SMPs) in the cyto-
chrome P450 enzyme gene CYP2C9 known as CYP2C9°2 (C430T),
CYP2C9*3 (A1075C), and a SMP in the vitamin K epoxide reductase
complex 1 gene { VKORCT known as VKORCT (-1639G>A).

eSensor Warfarin
Sensitivity Test

Detection and genotyping of C¥YP450 2C9 ("2 and *3) and VKORCT
(-1629G=>A)

Gentris Rapid
Genotyping Assay -
CYP2CO & VKORCI

Intended to detect the presence of CY¥P2C9 *2 and *3 and VKORCT
NM73 C=T alleles. Information about the CYP2C9 and VKORCT geno-
types may be used as an aid in the identification of patients with
greater risk for warfarin sensitivity.

IMFIMITI 2C9 &
VHKORCT Multiplesx
Assay for Warfarin

Identify CYP450 2C9 and VKORCT genetic variants.

PGx Predict™

CV: Determines CYP2C9 and VKORCT genoty pes to predict likelihood
of adverse events with warfarin therapy.

Verigene Warfarin
Metabolism Mucleic
Acid Test and
Verigene System

The two most common alleles of CYP2C9 that affect warfarin
metabolism are CYP2C9°2 (also known as R144C) and CYP2C9°3
(also known as 1359L). The VKORCT gene, located on the short arm
of human chromosome 16 (16p11.2), encodes the VKORCT protein
which plays an essential role in gamma-carboxylation of Vitamin
K-dependent blood clotting factors.

Dabrafenib *
(Tafinlar®)

THxID™ BRAF Kit

Melanoma: Qualitative detection of the BRAF WVE00E and VEOOK
mutations in human melanoma tissue. It is intended to be used as an
aid in selecting melanoma patients whose tumors carry the BRAF
VBOOE mutation for treatment with Dabrafenib.

Dako TOP2A FISH
PharmDx Kit

Breast cancer: Detect amplifications and deletions of the TOP24 gene
in human breast cancer tissue. Deletions and amplifications of the
TOP24 gene serve as a marker for poor prognosis in high risk breast
cancer patients.
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Perzonalizovana medicina - genome-
based medicine

Egypt Divided / Pot’s Big Moment / Best of 2012 Keiiss

1TIME

Want to Know
My Future’?

New genetic tests can point to risks—
but not always a cure



http://www.genetherapynet.com/societies.html
http://www.fda.gov/biologicsbloodvaccines/cellulargenetherapyproducts/default.htm
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