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INTRODUCTION

Pharmaceutical companies have historically focused their
drug discovery and development programs on finding thera-
pies for broad use in large disease populations, the so-called
“blockbuster business model.” A blockbuster drug is usually
defined as one with peak annual sales of greater than $1 bil-
lion and is generally developed for long-term use to treat com-
mon complex chronic disorders in the general population. The
strategy to identify and develop blockbuster drugs has been the
response to the high cost of drug discovery and development.
A survey of the drug development costs of 68 new compounds
from 10 pharmaceutical companies estimated that the cost to
develop a new drug in 2000 was $802million [1]. The high
cost of developing drugs can be attributed to two main fac-
tors: the large size and duration of the clinical trials required
to provide the data to show safety and efficacy of the com-
pound, and the high rate of attrition of compounds in clinical
development. Fewer than 10% of compounds entering phase [
clinical development reach the market, the majority failing in
clinical development because lack of efficacy in phase II. This
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lack of recent research and development success in finding
blockbuster drugs combined with financial pressure caused by
patent expiration and downward pressure on pricing has led to
a shift in strategy for many companies within the biopharma-
ceutical industry. Companies are shifting toward the discovery
and development of stratified medicines. A stratified medicine
is one that is targeted at a subgroup of a traditionally classified
disease; eg, trastuzumab (Herceptin) for the treatment of Her2
overexpressing breast cancer. Stratified medicines offer signifi-
cant opportunity to the industry because they have an increased
probability of success and the potential of smaller programs, to
the regulators as the benefit-risk profiles of these medications
are greater than unselected medications, to the payers because
they are more cost-effective, and most importantly to patients
because they are more effective and safer therapies. Genomics
has a large role to play in the development of stratified med-
icines because many of the tools used to stratify the patient
populations are genomic; eg, epidermal growth factor receptor
(EGFR) mutation status and gefitinib, KRAS mutation status
and cetuximab (Erbitux) and panitumumab (Vectibix), ALK4
mutation status and crizotinib.



Yeni Ilac Gelistirme

»>llag sirketleri tarihsel olarak ilag bulma ve gelistirme galismalarinda, genis hastalik
populasyonlarinin tedavisi icin genis kullanim alani olan ilag gelistirme, “blockbuster
business model”(Gise rekorlari kiran is modeli) uzerine odaklanmiglardir.
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Yeni Ilac Gelistirme

»>2000 yilinda 10 ilag sirketinin 68 yeni ilag bilesigi gelistirmek igin harcadigi para
802 milyon dolar olarak agiklanmistir.
> Yiksek ilag gelistirme maliyeti iki ana faktore baglanabilir:
a) Bilesiklerin glivenligini ve etkinligini gosteren verileri saglamak igin
gerekli klinik deneylerin buyuk ¢apta ve uzun sureli olmasi

b) Klinikte bilesiklerin elenmesi.

Box 19.1 Human Studies Have Traditionally Been Split into Four Phases (Phases I-1V)

e Phase I: pharmacokinetic (PK) and safety profiles in healthy e Phase IlI: safety and efficacy at the chosen dosage
volunteers e Phase IV: postapproval studies to answer specific safety or
e Phase II: safety and efficacy in patients and the establishment efficacy questions and to support commercial strategies
of the dose response




Yeni Ilac Gelistirme

"‘Blockbuster drug’” dezavantaji:

=Ciddi yan etki

"Blylk para kaybi

"Patentin kapsam disi olmasiyla ozel haklarin son
bulmasi

*Fiyat dususu

Stratified Medicine - [Biofarmasétikal endustri
(Alt grup tip)

(Tabakali tip)




Stratified Medicine (Alt grup tip, Tabakal1 tip)

»“Stratified medicine”, hasta alt gruplarinin farkli hastalik mekanizmalarina veya
tedavilere verdikleri ozel yanitlara gore tanimlanmasi esasina dayanir.

> Belirli hasta gruplarina etkili olan tedavilerin belirlenmesine ve gelistirilmesine olanak
tanir.

»Dogru hastanin dogru zamanda doQru tedaviyi almasini saglar.

»Hastaligin temelini olusturan mekanizmalarin anlasilmasi, hicreler ve dokularda
meydana gelen yapisal, islevsel ve kimyasal anormallikler hakkindaki bilgilerin artmasiyla,
hastaliklarin aslinda bu anormalliklerin alt gruplari oldugu anlasiimaktadir.

Stratified Medicine
(Alt grup tip) ‘
(Tabakah tip)

Artmis basari olasiligi

Daha iyi yarar-zarar profili

Uygun maliyet

Daha etkili ve guvenli tedavi imkani




Table 1. Comparisons between the traditional current approach and the precision

medicine/stratified approach

Traditional approach
Evaluation of visible
properties
One size fits all
Mixed results:
Responders

No effect
Adverse events

Methodology

Intervention
Result

Precision medicine/stratified approach

Classify by risk Big data Surveillance for
preclinical disease
Tailored Unbiased Early intervention
Focus on responders  Discovery of Targeted prevention
for existing treatments  new targets

Symptoms based approach

Treatment Treatment

Diggrosis
i Blsease Decas.on Treatm ent F‘:””
I,I: T

Stratified medicine approach

ii‘k Treatment
. p / Decision
Genetic and bespoke i —
i i i diegnostic tests Stratification into
I I disease subcategories
hrt —
i Treatment

\ T Decision
I II e

Treatment
B

Treatment
B

Treatment
C
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Stratified Medicine (Alt grup tip, Tabakali tip)

The concept of stratified medicine

i b % P’”"°"" “

Drug toxic b Dru toxic but
beneficial NOT beneficial
m Same dlagnosns,
e same prescription
g oxic a D NOT
NOT beneficial XA

} https://www.who.int/medicines/areas/priority_medicines/Ch7_4Stratified.pdf?ua=|1



Genomiks ve hedef belirleme

AT R G
BREAST CANCER

Meme kanseri: T ——
Estrogen receptor (ER) I
Progesterone receptor MOLECULAR BIOMARKERS
(PgR), | | ‘
Human epidermal growth
factor receptor 2 (HER2) ER HER2 BRCA1 ?
status
BRCAI ‘

(Breast Cancer
Susceptibility)

https://www.mdpi.com/1422-0067/21/1/188/htm



Her-2 geni ve meme kanseri

»HER?2 insan epidermal biiyume faktoru
reseptoru (EGFR) ailesi tyesidir.
»HER-2/Neu (cerbB-2 veya p|85)

| 7. kromozomda ql2 ye yerlesmistir.
»Protein Urunu hlcre bolinmesi ve
farklilasmasina katilir.

»Normalde hiicre bliyimesinde ve

coQalmasinda rol alir.

Ligands;‘)Q Q

HER1/HER2/
HER3/HER4

GSK3 MDM2 @
Ny

Cell cycle progression
Survival
Proliferation

@ y
R
T -

Breast Tumorigenesis

10.1016/j.gendis.2018.05.001



Her-2 geni ve meme kanseri

Her2 asiri ekspresyonu:
" % 15-30 invaziv meme

. HER2-normal breast ~ HER2+ breast How Herceptin
kanserlerinde, cancer cell cancer cell may work
=" Aresif tumor fenotipi ¢ ey & N j" g
=Kotu prognoz il ir ?\a\
=Kisa surede relaps o ‘- - e
Nucheus s.
£ . o,
LR

HER2 recaptors send Too many HER2 receptors  Herceptin may stop

signals telling cells to send more signals, causing the HER2 receptors

grow and divide celis 1o grow 100 quickly from signaling the

cell to grow

Her?2 ‘ prognostik belirteg ‘ HEDEE

Her2 + meme kanseri ‘ Stratified medicine

https://oncologycharlotte.com/her2-breast-cancer/



Her-2 geni ve meme kanseri

Trastuzumab |  E—) Farmakogenomik ile bulunan ilk ilag

$ =
e f"\

| HER?2 reseptoru pozitif i
nsan lgG| kaRpa ‘ olan kanser tedavisi

monoklonal antikor

Early Late Health Health

(meme ve mide)
clinical clinical technology services

research ' development |, :
2 | p trials trials assessment research

f f f f 1

Discovery of Development of Trials of trastuzumab Cost effectiveness Clinical guidelines
HER-2 as a trastuzumab, an confined to HER-2 of different from NICE
prognostic factor antibody against positive patients strategies for testing recommend

and a target for HER-2,as a (FDA licensed 1988) HER-2 (drug cost trastuzumab in
treatment (1987) potential treatment $70 000 (£44 000, HER-2 positive

Basic | Preclinical Knowledge

management

(a 1amnr . .. 0 0, .
first clinical trial By 1996, clinical trials Herceptin wasapproved
with |5 women had expanded to by FDA in September

in 1992. over 900 women. 1 998.

BM| 2013;346:¢5793



Trastuzumab

binding site on
HER2

Trastuzumab
binding site on
HER2

HER2 ECD

Cell membra

|

PYSHER2
constitutively
active

Trastuzumab

2 ny

A=

Trastuzumab CDd4
binding site on
HER2

CCR Focus

Flg2 . 0 O astuzumab (Ig Kappa).

Brackets indicate the Fab and the Fc portions of IgGl.

C H | to C H 3 indicate the heavy chain constant domains | to 3,
whereas C L indicates light chain constant domain. V H and V L
denote variable heavy chain and variable light chain respectively.

C: trastuzumab Fab-related function results from its binding to domain
IV of HER2. HER2 indicates the human EGFR 2 (in purple).
Pertuzumab, another antiHER2 humanized mAb,

binds to an epitope present on domain Il of HER2.

Clinical Cancer Research 15(24):7479-7491



Bcr-Abl geni ve Kronik myeloid 16semi (KML)

[ Bcer-abl flizyon geni (9;22) translokasyonu sonucunda olusan ve KML olusumuna
neden oldugu gosterilen ilk gen olup, KML hastaligi da etkin hedefe yonelik tedavinin
ilk uygulandigi hastalik olma ozelligine sahiptir.

FORMATION OF PHILADELPHIA CHROMOSOME

Chr. 22

Philadelphia
Chromosome ( PH)

Abl (Abelson proto-onkogeni)

BCR ABL1

$

Sitoplazmada ve nukleustaki
tirozin kinazi kodlar - P

Abl - P I’OtO-OI’l kogen Normal Chromosomes (9 & 22) Chromosome Break Changed Chromosomes
Bcr-Abl = onkogen G iy chr. 9

‘‘‘‘‘

https://www.easybiologyclass.com/philadelphia-chromosome-and-oncogenic-bcr-abl-gene-translocation-in-cml/



Bcr-Abl geni ve Kronik myeloid 16semi (KML)
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Bcer-Abl inhibitorlerinin gelistirilmesi

Philadelphia Genome CGP 57148 Imatinib Dasatinib is the Bosutinib
chromosome mapping identified as a (STIS71) was first second receives FDA
was identified in identified the selective approved by the generation TKI approval for
patients with abl Proto- inhibitor of FDA for the to achieve FDA CML treatment,
chronic oncogene and BCR-ABL in treatment of approval for
myelogenous BCR-ABL vitro and in CML. CML treatment.
feukaemia. fusion gene. Vivo.

f_l

1960 1972

|,_I

1986 1990

r_l

1996 2000 2001

r_l

2004

'_l

2006 2007

,_l
2012

Translocation Confirmation Clinical trials Second Nilotinib Many more
mutation of that BCR-ABL showed good generation TKls achieves FDA second and
chromosomes 9 geneis efficacy of CGP enter clinical approval for third generation
and 22 responsible for 57148 (STIS71) trials aiming to CML treatment. TKI's are
observed. causing CML, at treating CML. overcome currently in

resistance. clinical trials,

Drug Discovery Today

https://www.sciencedirect.com/science/article/abs/pii/S 1359644613001 645




Bcer-Abl inhibitérlerinin gelistirilmesi

U O
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H 30
Increased Ber-Abl
selectivity

Enhanced cellular activity
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Tyrosine Kinase inhibition
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Increased oral
bioavailability

| 2 Rossari et al. Journal of Hematology & Oncology (2018) 11:84
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https://www.intechopen.com/books/leukemia/modern-therapy-of-chronic-myeloid-leukemia



Imatinib Direnc Geli§me Mekanizmalari:

(a) hastanin tedaviye uyumsuzlugu,

(b) diger ilaglar ile etkilesim (sitokrom P450 ailesi),

(c) BCR-ABL gen amplifikasyonu, | ® 13nBUct:;giL
(d) BCR-ABL kinaz mutasyonlari, ' 2) Amplification

/gé (Dh and overexpression
(e) ilacin hucre igine alinmamasi/ 0 j

5) Plasma
sequestration

hucre disina atilmasi,
f) diger tirozin kinazlarin asiri yapimi,

(g) ek sitogenetik anomaliler

$ 4) Activation of
alternate pathways

Growth and survival
of leukemic cells

http://www.thd.org.tr/thdData/Books/204/kronik-miyeloid-losemi-klinik-bulgular-tani-tedavi.pdf
The Scientific World Journal, 2006, 6:918-30
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nilotinib, dasatinib, bosutinib = ikinci kusak Bcr-Abl inhibitorleri

a Nilotinib b Dasatinib

B,
N= N
F IN@NMHA}\WN

F HO

C Bosutinib d Ponatinib

[
JCL 3 ( NJ
~o NH —N
Na o Ugtincii kusak Ber-Abl
i = -~ inhibitorleri
NH 0" T~""N

k.

Rossari et al. Journal of Hematology & Oncology (2018) | 1:84
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Fig. 5 a-g Structure comparison of Ber-Abl preclinically validated inhibitors, Chemlc.al structures are here repre-senred in color code with regand
to analogous groups of different tyrosine kinase inhibitors (green: core structure; red and blue: substituents group)
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HIV-CCRS geni

HIV = Human Immunodeficiency Virus
/ Insan Bagisiklik Yetmezligi Viriisi
AIDS = Acquired Immune Deficiency
Syndrome'un (Kazanilmis Bagisiklik
Yetersizligi Sendromu)

AL pe—

CCRS (Mmacraphiga)
CHCRS (T-calla)

CCRS5 gene

: EEEEEEEQE%EEEEE%EE

4 3 64 7 8 9 1011 121314151617 18 19 2021322 X ¥ MT

CCR5 = C-C chemokine receptor type 5
CXCR4 = C-X-C chemokine receptor type 4

A 32/32

‘ ! Mutation

No Mutation

HIV

Cell

CCR5 CCR5
Present Absent

CCR5 mutasyonu = AIDS direnci
Genetik polimorfizm = hizli ilerleme
(artmig CCR5 ekspresyonu)

https://www.thebodypro.com/article/co-receptors-ccr-5-understanding-hiv
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Maraviroc gelistirilmesi

Hacw’:‘N
N_/ \ E
Maraviroc (UK-427857) = CCR5 reseptor Q\grg {JE
antagonist sinifinda antiretroviral bir ilactir. ® >
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Figure | Development of maraviroc.
. 9 Notes: Panels show the sequential optimization from the initial compound UK-
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the treatment of HIV
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of the CCRS receptor antagonist, UK-427,857, a new age
infection an d AIDS., 239-271, Copyright © 2015, with pe:
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JAK3 geni-Agir kombine immun yetmezlik
ISEVERE combined immune deficiency (SCID)]|

»Agir kombine immun yetmezlik (AKIY), farkh genetik nedenlere bagli ortaya

cikabilen, T ve B lenfosit fonksiyonlarinda bozuklukla karakterize bir primer immun
yetmezlik hastaliidir. X'e bagli ya da otozomal resesif gegis gosterebilir.

» Gortlme sikligi 1/50.000- 1/100.000 canli doQumdur.

CDBSC;:I;sikligi Diger Yc gen
o

Artemis muf;?é)onu
mutasyonu °

%10

RAG
eksikligi
%10
Jak 3
eksikligi
%5-10 ADA
eksikligi IL-7R0L zincir
%10-20 eksikligi

Sekil 1. AKIY'te farkli genetik tiplerin sikhgi (20).

https://www.ttb.org.tr/STED/sted0904/agir.pdf



JAK kinaz ailesi

< https://www.youtube.com/watch?v=dnnsqiDjAgM



JAK protein family and function

protein family:

* JAK1 - JAK3
*JAK2 - TYK2 -

1/ — A:}LVV

< https://www.youtube.com/watch?v=dnnsqiDjAgM



Action of JAK Inhibitors
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Normal JAK-STAT yolagi
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Interleukins (IL-2, IL-4,
IL-7,1L-9, IL-15 and IL-21)
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JAK3 gene-Agir kombine immun yetmezlik
ISEVERE combined immune deficiency (SCID)]

MUTASYON

T- ve NK htcre
fonksiyonu yok * JAK3 gen ‘ JAK3 Tirozin kinazi kodlar

Zayif B hucre fonksiyonu l

Ozellikle hematopoetik hiicrelerde

2 : eksprese edilir ve lenfosit farklilasmasi,
Agir kombine Sal da etkilidi

b ik ¢ogalmasi ve apoptozunda etkilidir.
T2 B hucre, T hucre ve NK hucrelerinin

farklilasmasi ve olgunlasmasini duzenler.




omatoid artrit
Ulseratif kolit

Immun

upresyonunda
yeni yaklasim

Crohn hastaligi
Psoriasis
Bobrek Nakli

IL-2 IL-4\IL-7;IL-15 IL-21 4
Ye

IL-7Ro Ye

JAK3

JAK1 JAK1 JAK3

1. Decreased T-cells: due to defective IL-7R
signaling.
2. Decreased NK cells: due to defective IL-15

signaling.
l 3. Non-functional B-cells: due at least in part l

to defective signaling by IL-21.
TB*NK-SCID TB*NK*SCID

| 2 Curr Opin Investig Drugs . 2003 Nov;4(1 1):1297-303.



Totfacitinib

» Tofacitinib romatoid artrit, llseratif kolit, Crohn hastaligi ve psoriasis gibi T-hiicre aracili
otoimmun hastaliklarin tedavisinde kullaniimistir.

» Artrit bulgularinda, psoriasis fonksiyonel skorlarinda belirgin iyilesme saglamistir.
»Kasim 2012'de FDA tarafindan metotreksat intoleransi/ yetersiz yaniti olan orta ciddi
romatoid artritli hastalarin tedavisinde monoterapi veya kombinasyon tedavisinde kullanimi

onaylanmistir.

March 22

June 11
FDA approval of tofacitinib . EMAspproval of tofacitinlh
in combination with methotrexate for the
for the treatment of moderate-
treatment of moderate-to-severe RA with
to-severe RA with inadequate g
response to methotrexate inadequate response to one or more
DMARDs
January 19:
Baricitinib submitted for
FDA review
for the treatment of February 13
moderate-to-severe RA EMA approval of baricitinib

for the treatment of moderate-to-
severe RA with inadequate
response to one or more DMARDs

Clin Exp Rheumatol 2016; 34:318-328
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JAK inhibition

D

-

Binding of cytokines to their
receptor activates JAK

Activated JAKs
phosphorylate STAT

STAT dimers translocate
to the nucleus and activate
gene transcription

This leads to cytokine production

Q * P JAK inhibition
“ & © O‘ g ©
2 3 2 5 ®a¢0 .,
A‘ - Q Extracellular “ '
° Cytokine . SPace < B

'Receptor

Activated

Inactive

Tofacitinib binds

JAK JAK

_.~to JAK proteins
| Phosphate : _*-_--"

Al 4! Tofacitinib Tofacitinib as JAK inhibitor prevents

STATs o ’ phosphorylation of STAT

(

Intracellular 'Sare  Tofacitinib prevents translocation

. of STAT into the nucleus and

Nucleus activation of gene transcription

Tofacitinib downregulates the
production of cytokines

Tofacitinib IL-2Ry sitokin reseptor zinciri araciligiyla sitokin sinyalizayonunu bloke
eder ve T, B, NK hiicrelerinin apoptoza yatkinhidini arttirir

Clin Exp Rheumatol 2016; 34:318-328



Taunton et al

JAK3: IC55 =0.43 nM
JAKI: IC5y =1520 nM
JAK2: I1C5) =8680 nM

Gray et al

JAK3: ICSD <0.5nM
JAKI: 1C5y =35 nM
JAK2: IC5y =51 nM
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Goedken et al PF-06651600

JAK3:1C5)<3nM  JAK3:1Cs,=33.1nM
JAKI: IC5y =4000 nM JAKI: ICsy >10000 nM
JAK2: IC5)=1600nM JAK2: IC5,>10000 nM
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Tofacitinib

JAK3: IC5p=1nM
JAKI: IC5y =112 nM
JAK2: 1C5,=20 nM
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RBI

JAK3: IC5) =40 nM
JAK1: IC5, > 5000 nM
JAK2: IC5, > 5000 nM

Elwood et al

JAK3: IC5y =150 nM
JAKI: IC5y = 640 nM
JAK2: IC5y = 1500 nM

Forster et al

JAK3: IC5p = 0.154nM
JAKI: IC5y = 52 nM
JAK2: IC5y = 346 nM

Scientific Reports (2018) 8:5273, DOI:10.1038/541598-018-23569-y 1



coviD-19

In later stages of COVID-19 infection, the patient s[rosxs,cvr Immune response to the virus becomes a major contributor to n('vrm)tﬂl ing damage.

Baricitinib, a dr u; proven to reduce inflammatory peocesses in the immune syste investigated for the treatment of hospitalized patients with

COVID-19 because of its known anti-cytokine effects (1 & i‘) and l1s potential antiviral peoperties (3 & 4),

Baricitinib has not been approved VR

by the FDA as safe and effective £

for use in patients with COVID-19. /‘ \

o '\\ J W Certain lung cells
= & called AT2 alveolar

The hyperinfammation B W/ epithelial cells, which

and “cytokine storm’ N are responsidle for

observed in patients with . ¥ keeping the lung's

COVID-19 involves the / AV 3ir 53Cs open, are

release of various proteins / \ o particularly susceptible

called cytokines that may to infection by

target both infected / A\ =g SARS-CoV-2, the virus.

and non-infected cells Ao ot / 3 that causes COVID-19.

in the body, (T4 —

The cellUlar effects of some of these
pro-inflammatory Cytokings ard regulated
through a biochemical process called the
JAK-STAT signaling cascade, which
stimudates the production and release

of additional cytokines,

Like most viruses. the
SARS-CoV-2 virus infects
ahost cell by bnding o a
protein on the cell’s surface
(ACE-2). A pocket then
forms around the bound
virys to transport it into
the coll, where it goes on to
hijack the cellular processes
to produce more viruses.
These processes involve
specialized proteins called
AAKT and GAK.

SomLs
08 Uiy 5 Comgurny Cura o W 2050
e 5.4 ot . Lancat Fesgoe Mt J003713 JUOCEE0T- 2 s ahwead o e
CLUMUANT farytint] (package imsert] indianapen, N Lty LA, LLC reveend Nev 2574
charthon ot & Lancet XERIAOATRAIOL

OG0, Lot e D, XG0S

TG ) ot o, EV0 Mok et % Meay 30 forire o et of e

Baricitinib

COVID-19 | Blocking Hyperinflammation with
Baricitinib

This illustration was produced to accompany the
announcement of a federal clinical trial to test
the efficacy of Baricitinib on patients with
COVID-19. Hyperinflammation and the “cytokine
storm” are observed in these patients with
COVID-19 and may contribute to patient
outcomes. Baricitinib is being researched and
tested to determine if it’s anti-inflammatory

effects can be used to treat patients with
COVID-19.

>



Osteoporoz-Sclerostin gen

*Osteoporoz, kemik mineral yogunlugunun azalmasi ve kemik dokusunun mikro
yapisinin bozulmasi ile karakterize multifaktoriyel bir hastaliktir.

*Kemik mineral yogunlugunu (KMY) etkileyen bir ¢ok gevresel faktor olmasina ragmen
son yillarda yapilan galismalarda genetik yapinin osteoporoz patogenezindeki etkisi
izerinde durulmus ve kemik kiitlesi izerine etkisi olan bir ¢ok aday genin varligi rapor
edilmistir.

Osteoporoz | Kemik Erimesi

Turk Osteoporoz Dergisi 201 1;17:100-9



*Eriskin insanda iskeletin boyutunda herhangi bir azalma ya da artis meydana gelmez. Buna
ragmen kemik dokusu devami olarak yikilir ve yapilir.

*Diger bir ifade ile kemik rezorbe eden hiicrelerin net aktivitesi kemik yapici hiicrelerin net
aktivitesine esittir.

*Eriskinde bu aktivite baslica kemigin yeniden yapilanmasi (remodelling) yolu ile olusur.
*Yeniden yapilanmada kemik yikimini kemik yapimi takip eder.

Bone Formation

Osteoblasts

Bone-forming cells

Osteocytes

Bone cell responsible for the maintenance and turnover of
the mineral content of surrounding bone

Osteoclasts

Cell in developing bone concerned especially with the
breaking down of unnecessary bone parts

ILLITNOTS


http://www.ctf.edu.tr/stek/pdfs/12/1202et.pdf
http://www.ctf.edu.tr/stek/pdfs/12/1202et.pdf
http://www.ctf.edu.tr/stek/pdfs/12/1202et.pdf
http://www.ctf.edu.tr/stek/pdfs/12/1202et.pdf
http://www.ctf.edu.tr/stek/pdfs/12/1202et.pdf
http://www.ctf.edu.tr/stek/pdfs/12/1202et.pdf
http://www.ctf.edu.tr/stek/pdfs/12/1202et.pdf
http://www.ctf.edu.tr/stek/pdfs/12/1202et.pdf

Bone resorption Bone formation

Hematopoietic stem cells Mesenchymal stem cells

(°)

Lining cells

Bone matrix

Fig. 1-Bone remodeling: During bone remodeling osteoclasts, derived from hematopoietic stem cells, resorb old and
damaged bone. At the completion of bone resorption, osteoblasts recruited to the resorbed area form new bone.
Osteoblasts that get trapped in the bone matrix during bone formation become osteocytes.

} https://www.researchgate.net/publication/32066201 | _Genetics_of SostSOST_in_Sclerosteosis_and_van_Buchem_Disease_
Animal_Models/figures?lo=1



»Sclerosteosis and Van Buchem disease are two rare skeletal disorders characterized by
generalized bone overgrowth.

"Recent advances in molecular genetics have revealed that both of them are caused by functional
mutations in the SOST gene, which is localized in the 17q12-21 chromosomal region and codes
for sclerostin, a glycoprotein that is solely expressed by osteocytes.

sSclerostin acts as a negative regulator of bone formation, through inhibition of the Wnt signaling
pathway, which is of critical importance for the development and function of osteoblasts.
sUndetectable or very low levels of sclerostin in these patients result in excessive bone growth
and increased bone strength.

Osteoblast

Differentiation
Proliferation :
ARPEioss fSclerostin‘}

........... Normal
Anti-sclerostin A bone mass
monoclonal Ab : ¢ -
4Bone mass ) Wnt_
signaling

@r}oj —] (LrPs -LRPS - LRP4

‘SOST gene
mutations

P

L * Osteoclast

Activity

Sclerosteosis
van Buchem disease
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https://www.dovepress.com/profile-of-romosozumab-and-its-potential-in-the-management-of-osteopor-peer-reviewed-fulltext-article-DDDT



Osteoporoz-Sclerostin gen

< NOVEL MOLECULAR
-y - TARGETS FOR

TREATMENT
OF OSTEOPOROSIS

\ HORMONES 2014, 13(4):476-457

Review

The sclerostin story: From human genetics to the development
of novel anabolic treatment for osteoporosis

Maria P. Yavropoulou, Christos Xygonakis, Maria Lolou, Fotini Karadimou, John G. Yovos

Division of Clinical and Molecular Endocrinology, 1¥ Department of Internal Medicine, AHEPA University Hospital,
Aristotle University of Thessaloniki, Greece




Osteoporozla iliskili genler

e GENIN ADI SEMBOL KROMOZOMAL GENIN ADI SEMBOL  KROMOZOMAL
Sklerostin Geni (SOST): SOST geni oo g
O g Matriks protein molekdilleri Biiylime faktorieri/Sitokinler/Reseptorler
t .tl t f d .o t. I Osteokalsin BGLAP 1925931 interlkin-1B Reseptdr Antagonist IL-1RN 2q14,2
osteositler tarafindan uretilen o s
X Interlokin-6 -6 Tp21
2 =) 2 Osteopontin SPP1 4921925 -
Ve e m | 0 u S u m u n u |n | e e en . Transforming Blylime Faktor B1 TGFB1 199132
’ Caizanzin Jias S5l g Transforming Biiylime Faktor B2 TGFB2 1941
sklerostin proteinini kodlamaktadir. e QUM Tendaml | [lime Homon
P . Kollajen tip 102 COL1A2 7922, Biylme Hormonu Reseptérii GHR 5p13p12
SOST o o o k . d o o I Matriksle iliskili enzimler insiilin Benzeri Bilyime Faktorii 1 IGF1 12922423
ge n I nl I na tlve e ICI I I lutasyon a-r Katepsin K CTSK 1921 Insiilin Benzeri Blyime 1 IGF1R 15925426
Faktorii Reseptorii
— -
yu kse k ke m i k kutl eSi n i n go r-u I d u g u Alkalin fosfataz ALPL 1p36,1p34 insiilin Benzeri Biyiime Fakt5ril 2 IGF2 11p15,5
Karbonik Anhidraz Il A2 8q22 Instilin Benzeri Biyime IGF2R 6926
0 Matriks metalloproteinaz 3 MMP3 11922,3 FakiOrli Reseptort 1
sklerostozis ve va buchems — IGF- baglanma proteini 3 IGFBP3 | 7p14p12
Lizil Oksidaz LOX 5q23,3931.2 — - -
— : Tumor Nekrosis Faktor o TNF 6p21,3
h aStal | kl arina n ed en o I n Iaktad IT. feihidiokoilz LD IES5 TNF reseptor siperalle/1B TNFRG5  [1p36,3:p36,2
. Lizin hidroksilaz 2 PLOD2 3923924 Kemik Morfogenik Pretein 2 BMP2 20p12
Lizin hidroksilaz 3 PLOD3 7436 Kemik Morfogenik Pretein 3 BMP3 4p14-g21
Kalsiotropik (Steroid) Hormon/Reseptér/Enzimleri (SKlerostin_)) SOsT 17q1221
Estrojen Reseptor & ESR1 60251 Osteoprotegerin OPG/TNFRSF11B 8q24
N _ RANK RANK/TNFSF11A| 18q22,1
Estrojen ReseptorB ESR2 14q23 - -
RANK ligand/OPG ligand RANKL/TNFSF11 13q14
Aromataz CYP19 15921,2 Wnt-Sinyal yolaginda
Androjen Reseptdr AR Xqi1 Disiik yogunluklu lipoprotein ‘ LRPS ‘ 11912
Glukokortikoid Reseptér GR/NR3CI 5631 reseptor-liskil protein 5
Vitamin D reseptor VDR 12913 foniosisteil pldc:
— — = Metilen Tetra Hidro Folat Reduktaz MTHFR 1p363
Vil (D sEE e s Nl | PIEEe gz Sistathionin beta-sentaz CBS 219223
B3-adrenerjik Reseptor ADRB3 8p12-p11,2 Vel e s MTRR 5p153p15.2
Peroksizom proliferator PPARG 3p25 Metilentetrahidrofolat MTR 1943
aktive reseptor y homosistein smetiltransferaz
Kalsiyum duyarli Reseptér CASR 3q21-q24 Timidilat sentetaz TYMS 18p11,32
Kalsitonin Reseptor CALGR 7213 BijenGenien
— Major Histocompability kompleks MHC/HLA 6p21,3
Paratiroid Hormon PTH 11p15,3p15,1 = =
Apolipoprotein E APOE 19q13,2
PTH reseptor HIAl] 3p22p21.1 Rho guanin nikkotid ARHGEF | 3p1ap21
Epidermal Biiyiime Faktérii EGF 4q25 degisim faktor (Gef) 3
Gonadotropin salici hormon 1| GNRH1 8p21p11,2 ﬁll}umm TSy D bdigesi P 199133
aglanma proteini
Gonadotropin salici hormon | GNRHR 4921,2 Flamin B,@ FLNB 13p14,3
Luteinlestirici hormon Integrin alfal ITGA 5q11,2
beta peptid LHB 19913.32 Ras homolog gen ailesi, Gye A RHOA 3p21,3
Tirk Osteoporoz Dergisi 2011 ; 17:100-9 LH-roireseptor gonadotropin | LHCGR 2p21 Sklerosteosis SOST 17q11,2

https://www.researchgate.net/publication/32066201 | _Genetics_of_SostSOST_in_Scl



Kemik olu§umu¢

*_’ .Sclerostin e Romosozumab

Osteocyte ._’ Osteoporoz tedavi yaklagimi
‘ sy " [\ Frizzled
@ P Canonical Wnt
signaling
Axin (osteoblast)
_J_ Cytoplasm
GSK-SBO ' Nuclear translocation AA
of B-catenin \
B-Catenin. ' | ' Increased bone

s
(increases) ' 5 : .| formation

Nucleus

Figure 2 Mechanism of action of romosozumab.

Notes: Romosozumab is a human monoclonal antibody that binds sclerostin (an inhibitor of Whnt pathway signaling). When this monoclonal antibody binds to sclerostin,
sclerostin cannot bind to the LRP-5 and LRP-6 receptors and is unable to exert its inhibitory effect. Wnt binds to LRP-5 or LRP-6 coreceptors and specific Frizzled family
receptor, leading to activation of the Wnt signaling pathway and bone formation. Copyright ©2015. Dove Medical Press. Shah AD, Shoback D, Lewiecki EM. Sclerostin
inhibition: a novel therapeutic approach in the treatment of osteoporosis. Int | Womens Health. 2015;7:565-580.7

Abbreviation: LRP, LDL-receptor-related protein.



Romosozumab

Romosozumab was approved for medical use in Japan, the United Stat S and
the European Union in 2019

Osteoblast

—®— Murine
—{3— Human

} https://www.pharmacodia.com/yaodu/html/v | /biologics/6ca4e9af5ea662a095c3243dc59 | bf54.html



Kistik fibrosis ve CFTR geni

*Kistik fibrozis bati toplumlarinda en sik
rastlanilan, otozomal resessif kalitilan tek gen
hastaligidir.

*Agir semptomlari olan olgular erken yaslarda

kaybedilir.

\

kronik akciger hastalig,
*pankreas yetmezligi,
*intestinal obstruksiyon,
*erkeklerde infertilite

terde klor miktarinda artis
ile karakterize olan kalitsal bir
hastaliktir.

Turkiye Klinikleri ] Pediatr Sci.2016;12(4):80-4



KISTIK FIBROZ - Tarihce

7. Yuzyil: “Opildiginde alninda tuz tadi olan cocuk cok
gegmeden olur” (isvicre’den Almanca bir cocuk oyun sarkisi)

- 1938 - CF de pankreas tutulumu bDr. Dorothy Andersen (patalog)

» 1943 - Mukovisidozis br. Sydney Farber (patalog)

1948 - Hyponatremic dehydration—CF

1953 - Terde Cl artisinin tani testi olmasi Dr. Paul di Sant’Agnese

http://www.tibbigenetik.org.tr/upload/2018117132450.pdf




KISTIK FIBROZ - Tarihce

+ 1980 - Tedavi ile yasam siuresinin uzamasi

* Pankretikenzimler
+ Vitamin destegi, semptomatik tedavi

» 1989 - CFTR genininklonlanmasi ve 7.

kromozomda oldugunun belirlenmesi, Delta

F508 in tanimlanmasi
- Reverse genetik

» 2015 - 1950 ‘den fazla mutasyonun

Section of
cell below
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N\ |
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inherits one
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contains

code 8’
to create ||

oo, il
rom father chloride 77
tanimlanmasi chane JR T
Cell surface
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@—Chloride =
transport 2
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http://www.tibbigenetik.org.tr/upload/2018117132450.pdf
https://hopkinscf.org/knowledge/cftr/
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Kistik fibrosis ve CFTR geni

CFTR geni

(cystic fibrosis transmembrane conductance
regulator)

1988 yilinda klonlanmustir.

* 2015 yilina kadar gen icinde 2000 den fazla
mutasyon tarif edilmistir.

7. Kromozomda bulunur.
CFTR proteinini kodlar.

Hucre memebraninda bulunan bir kanaldir.

Klor ve sodyum bikarbonat gibi
molekdllerin gegisini duzenler.

CFTR proteini

> Turkiye Klinikleri | Pediatr Sci. 2016;12(4):80-4
http://www.tibbigenetik.org.tr/upload/2018117132450.pdf
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Kistik fibrosis ve CFTR geni

CFTR gen mutasyonu J 7 =)
. Mutant
Outside cell CFTR Channel
l /*vﬁ*/ e e
CFTR proteini hatali sentezlenerek,
klor iyonlarinin epitelyum
hucrelerinden yanls tasinmasina,
nun sonucunda da vu ivilarinin Normal ° o v .
b}J u .so ucu a da vucut sivila ool e,
viskozitelerinin artmasina, Chloride ions  © o
o e (8]
salg bezlerinin kanallarinda °
tikanikliklara neden olur. A normal-functioning CFTR channel moves chloride

ions to the outside of the cell while a mutant CFTR
channel does not, causing sticky mucus to build up
on the outside of the cell.

>4

&

Androl Bul 2017; 19(3):74-77
https://cyfbin.weebly.com/cyfb.html



CF gene mutations cause one or both defects illustrated below:

s 5

KEY

n = CFTR PROTEIN

Defect 2: o)
(=] 9 b CFTR proteins don’t open
correctly if they do reach

o

= CHLORIDE ION

Defect 1:

o) ) 9 the cell surface. B - CELL SURFACE
Fewer CFTR proteins get
to the cell surface, where
they are normally located. = CELL INTERIOR

Because of these defects, chloride ions cannot move into or out of the cells like they
should. This can cause thick, sticky mucus to build up in organs, such as the lungs.

| 2 https://www.trikafta.com/how-trikafta-works



Kistik fibrozis geninde en sik rastlanilan
mutasyon->Delta F508 ====) F508del

Chroamosaome 7

— ISOLEUCINE 506

— IEOLEUCINE 507

— PHENYLALANINE 508

3
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Cystic Fibrosis Gene

ATC ATICTT|T GGT GTT

CFTR Sequence:

Nucleotide

Amino Acid lle
506

ll Phe] Gly Val
| I
508 510
1
Deleted in AF508

AF508 CFTR Sequence:
ATC ATT GGT GTT

Nucleotide

Amino Acid

http://www.tibbigenetik.org.tr/upload/20181 17132450.pdf

506
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Delta F508 mutasyonusikligi etnik gruplara gore degisir

Etnik grup Delta%F508
Beyaz irk 70
Musevilerde 30
ispanyol kdkenli 46
Afrika kokenli Amerikalh 48
Asya kokenlilerde 30

TURKLER 18-30

Diger sik rastlanilan
mutasyonlar
%

13
67
11
4
?
?
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Kistik Fibrozda Tutulan Organlar

Manﬁfestati?ns of g
Cystic Fibrosis
General
-Growth failure (malabsorption) -Bronchiectasis
-Vitamin deficiency states -Bronchitis
(vitamins A, D, E, K) -Bronchiolitis
-Pneumonia
m rnd ';:lum -Atelectasis
1 po
arcni -Hemoptysis
-Hepatic steatosis e/ -Cor pulmonale
-Portal hypertension g -Respiratory failure
G -~ ] -Mucoid impaction of the bronchi
allbladd -Allergic bronchopulmonary aspergillosis
-Biliary cirrhosis
S e v
Bone -Pulmonary artery dilation
-Clubbing ' -Hypersplenism
Stomach
-Osteoporosis
-GERD
v :?ancreatitis
mw -Insulin deficiency
-Intussusception ~Symptomatic hyperglycemia
-Fibrosing colonopathy (strictures) Reproductive
-Intestinal atresia (aspermia, Absence of vas deferens)
-Distal intestinal obstruction syndrome -Amenorrhea
-Inguinal hernia -Delayed puberty

http://www.tibbigenetik.org.tr/upload/2018117132450.pdf
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KISTIK FIBROZISTE EN SIK
SEMPTOMLAR

*okstrak/hisilti

* infeksiyonlar/ pnémoni
* nazal polipler

* GIS problemleri

*blyume geriligi

*tuzlu cilt

* infertilite

Bronsektazi
Pnomotoraks
Miikiis tikaci

Semptomlarin ¢esidi ve agirhgi
kisiden kisiye degisir.
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CFTR yapisi ve fonksiyonuna gore
mutasyonlarin siniflamasi

Class VI Class V
defective regulation of other ion channels reduced synthesis

(del508, G551D) (3849+10kbC>T)
i -
>< Class IV

Class lll \
defective activation
decreased conductance
(R117H, R347P, D1152H) 1 1 |
Nucleus \
’u

(G551D)

Class | N - Class Il
defective protein synthesis y abnormal processing/trafficking
\ (R553X, W1282X, 3950delT) (del508, N1303K)

http://www.tibbigenetik.org.tr/upload/20181 17132450.pdf
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CFTR proteininde meydana getirdikleri fonksiyon
bozukluguna gore mutasyonlar siniflara ayrilir

- Sinif | : Protein sentezi yok. Nonsens, frameshift, veya splicing
mutasyonlar

- Sinif Il : Proteinin iglenmesinde, yanlis katlanmadan
dolayi,bozukluk. Missens mutasyonlar, amino asit delesyonlari

« Sinif l11: Klor kanali duzenlenmesinde blok yapanlar.
Missens mutasyonlar (ATP baglayici bdlgelerde)

- Sinif IV: Klor iletimini degistirenler. Missens mutasyonlar
(Membran yapici bolgede)

- SInif V : Fonksiyonel protein sentezini azaltanlar. Nonsens,
frameshift, veya splicing mutasyonlar

- Sinif VI : Proteinin yarilanma omrunu kisaltanlar. Diger iyon
kanallarindaki defektif durum kaynakl

http://www.tibbigenetik.org.tr/upload/20181 17132450.pdf
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CFTR Mutasyon Siniflarina Gore Klinik Bulgular

Sinif IV mutasyonlarinda pankreatik yetmeazlik, diyabet ve
karaciger hastaligi gorilmemekte, akciger bulgulari hafif

Sinif V mutasyonlarinda da akciger bulgularn hafif
olmaktadir.

Her iki siniftan mutasyonlarda P. aeruginosa
kolonizasyonu ge¢ goriulmektedir.

European Epidemiologic Registry of Cystic Fibrosis (ERCF): Comparison of major
disease manifestations between patients with different classes of mutations
Pediatr Pulmonol. 2001; 31:1-12.
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Klasik KF hastalarinin %85inde
pankreatik yetmezlik vardir

l \

agir klinik tablo yapan
mutasyonlar (sinif 1, 1, 1ll)

homozigot veya bilesik heterozigot olarak
bulunur

Delta F508/ Delta F508
Delta F508/ N1303K

http://www.tibbigenetik.org.tr/upload/2018117132450.pdf
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Kistik Fibrozda Tedavi

- Havayolunu temizleme (fizik tdavi, bronkodilatator,
pulmozyme, kortikosteroid, vs)

 Enfeksiyonlari 6nleme ve tedavi (antibiyotikler vs)
« Antinflamatuvarlar
 Pankreas enzimleri
* lyi beslenme
 Transplantasyon

» Gen Tedavisi

-‘Mutasyon hedefli tedavi \

Ramsey BW, et al., 2011 McKone EF, etal. 2011, Pettit RS 2012,Hanrahan JW, et al. 2012

http://www.tibbigenetik.org.tr/upload/2018117132450.pdf
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Kistik Fibrozda Tedavisinde Hedef

CFTR
fonksiyonunu
%25 e
¢ctkarmak

3 ¢cesit mutasyon hedefli tedavi var

l

1 1

Fonksiyon
arttiricilar Onaricilar
(Potentiators) (Correctors)

MRNA erken stop
kodonlari duizelterek
okuma

(Read Through
MRNA Premature
Stop Codons)

http://www.tibbigenetik.org.tr/upload/2018117132450.pdf
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Kistik fibrosis ve tedavisi

Kistik fibroziste mutasyon sinifina gore uygulanan tedavi ajanlari gelistirilmistir.
Mutasyona ozglin tedavi, mutasyonun olusturdugu bozukluga gore 3 ayr tipte kiigtik
molekaullu ajanla yapilmaktadir.

* Fonksiyon. |+ Onaricilar |+ mRNA da erken
arttiricilar stop kodonlari
duzelterek
okumayi saglayan
ajanlardir
] __
Ivacaftor F | Lumacaftor F | Ataluren r

Turkiye Klinikleri ] Pediatr Sci. 2016;12(4):80-
4



Kistik fibrosis ve tedavisi

OH ’ °
— ¢ Lo § ¥ =
® channel ! ' [ ) channel
Gk @ o*
[ ]
[ ]
N ¢ : ;
| . ’ :
[ ]
N
H Ivacaftor (VX770)
Ivacaftor-Fonksiyon Artiricl Membranda var olan ancak kapali veya dar

olan Cl kanalinin aktivitesini arttirirlar.

FDA onayli ivacaftor (VX-770) tarih: 2/2012

« 6 yasin istindeve G551D mutasyonu tasiyanlarda

« Sinif lll ve IV mutasyonlariigin uygun, Delta F508 de denenmekte (fazlll
calismalari)

« Pulmonerfonksiyonlarda diizelme, kilodaartma, ter klorunda ve pulmoner
ataklarda azalmasaptanmistir.

DOI: 10.5772/60645
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o Normal CFTR Proteins o
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Outside of Cet CF 11+ Protein

Cell Surface ©

Too few CFTR proteins reach the cell surface

cell surface

’ L

Defective CFTR Proteins

Closed
"Gate" o

°® e
Deformed CFTR proteins —

https://www.kalydeco.com/how-kalydeco-works

https://www.orkambi.com/how-orkambi-works

Inside cell
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Kistik fibrosis ve tedavisi

F>< Q | Q CFTR proteininin kanal olusturmak
OH tzere hiicre ylizeyine gogunu saglar.

_r_,
O
-
/
22

Lumacaftor-Onarici

Bu gruptan lumacaftor (VX-809) ile ilgili galismalar, ozellikle Ivacaftor ile
kombine kullanimi ile Delta F-508 mutasyonu tasiyanlarda uygun
olabilecegini gostermistir.

Amerika Birlesik Devletlerinde 12 yas ustunde homozigot DF508 tasiyan
hastalarda Lumacaftor + lvacaftor (Orkambi) kullanimi 2015’de FDA
tarafindan onaylanmistir.

Tek basina kullanimi yoktur.

Turkiye Klinikleri ] Pediatr Sci. 2016;12(4):80-
4



Outside of the cell

Without ORKAMBI With ORKAMBI

Cell Ivacaftor helps the
surface IVACAFTOR proteins stay open
longer

& CFIR
protein

9

© &——— chloride
Q. o ions out ORKAMBI With ORKAMBI

Lumacaftor brings more
Inside of the cell CFTR proteins to the cell

LUMACAFTOR

w surface

> https://www.orkambi.com/how-orkambi-works



Kistik fibrosis ve tedavisi

Outside of the cell )
Without SYMDEKO With SYMDEKO

H
&R O N OH v - -
>< AN Cell m Ivacaftor helps
rface Y i
o) su the proteins stay
F 0] F N Y s Y v open longer
protein B = ‘
H O' [ o 2 Q = °
. ° ? > «———Chloride
9 ions

With SYMDEKO
o

HO ° Tezacaftor brings
Inside of the cell more CFTR proteins

to the cell surface

Tezacaftor-Onarici

CFTR proteininin kanal olusturmak
zere hicre ylizeyine goglini saglar.

2018 yilinda FDA onayi almistir.

Ivacaftor ve tezakaftor kombine halde (Symdeko)kullaniimaktadir.
6 yas ve uzerindeki hastalarda kullanilir.

https://www.symdeko.com/how-symdeko-works



Kistik fibrosis ve tedavisi

wh

TRIKAFTA adds elexacaftor to tezacaftor and ivacaftor to target CFTR protein defects caused by the

HN- S ’ F508del mutation or another mutation responsive to TRIKAFTA.
F N ,
\ / 9

o =)
14
-

Be s ety vacarTor [

CFTR proteins stay

open longer at the

- | ] cell surface
By binding to o e 0
Elexacaftor-onarici i

CFTR proteins, ’ »)

ELEXACAFTOR Elil! 9

.
TEZACAFTOR RIS /

together to help
more proteins reach
the cell surface.

Together, the 3 components help responsive CFTR proteins function better.

Ivacaftor ve tezacaftor ile elexacaftor/tezacaftor/ivacaftor kombine

kullanimi  (brand name Trikafta), 2019 yilinda FDA tarafindan
onaylanmistir.

F508del mutasyonlu kistik fibrozisli hastalarda kullaniimaktadir.
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Kistik fibrosis ve tedavisi

O-N 0 Stop kodon olusturan mutasyonlarda
. | (sinif 1) ribozomlarda stop kodonun
N OH sentezi durdurmasini onleyerek
fonksiyonel protein uretimini saglar.
F
e
Ataluren- mRNA Erken Stop ﬁg
Kodonlari Duzelterek Okuma c{E /, g <EEN

Ataluren-mediated
Nonsense Supression

Gelistirilen bu yeni, kisiye 6zgun, tedavi ajanlariyla kistik fibrozisli yeni dogan
bir hastanin yasam suresinin ortalama 50 yil alacagi ongorilmektedir.

Turkiye Klinikleri | Pediatr Sci. 2016;12(4):80-4
https://www.pnas.org/content/| 13/44/12353



Melanoma ve BRAF geni

Melanomalar,  pigment  olusturan  hucrelerin ~ (melanositler)  malign
transformasyonundan olusurlar ve en agresif ve tedaviye direngli insan
kanserlerinden biridir.

Four Stages of Melanoma

Stage 0 Stage | Stage Il Stage Il Stage IV
Melanoma confined Localized disease, only  Localized disease, Spread to lymph Spread to other
fo epidermal region  in skin and very thin  thicker than Stage | nodes organs

https://www.scientificanimations.com/3d-medical-animation-melanoma-skin-cancer-symptoms-causes-treatment/

Turk ] Dermatol 2017;11(4):184-188
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Melanoma ve BRAF geni

Diger kanser tirlerinde oldugu gibi, melanomlar da ¢esitli protoonkogenlere ek

fonksiyon kazandiran mutasyonlar ya da tumor baskilayici genlerin islev

kaybetmesine neden olan degisimler nedeniyle gelisir.
Melanomagenezde Sekil I’de gosterildigi gibi NRAS, BRAF, KIT gibi onkogenlerinin

aktivasyonlari, CDKN2A, PTEN ve p53 gibi tumor baskilayici genlerinin

inaktivasyonlarinin yani sira, epigenetik degisimler de (timor baskilayici genlerin
hipermetilasyonu ya da onkogenlerin hipometilasyonu) etkili olabilmektedir.

PTEN

c-KIT ya da
diger RTK

/ \

—| PI3K

«

Proliferasyon
Sagkalim
Adhezyon
Farklilasma

GNAQ/
GNA11l

NF1

N

Apoptozis

DNA onarimi
Hucre dongusu

kontroli

MDM2 |

p53

RB
L

E2F

/

Turk | Dermatol 2017;11(4):184-188



Melanoma ve BRAF geni

Malign melanomu ailesel gegis gosteren ve gostermeyen olarak siniflandirdigimizda,
yaklasik %10 kadarinin kalitsal oldugu ortaya ¢ikmaktadir.

Genom analiz ¢alismalari ile hangi kromozom ve gen bozukluklarinin melanoma
neden oldugunu ve bu hatalara sahip bireylerin melanoma yakalanma riskleri
ongorebilmektedir.

Aile calismalarinda baglanti analizi
sonuglarina gore, 1p36 (7) ve 9p21 (8)
bolgelerindeki genetik degisimler
melanoma kalitsalligi ile iliskilendirilmistir.

Turk ] Dermatol 2017;11(4):184-188
https://www.sciencedirect.com/science/article/pii/S0167488916300155



MAPK yolagi temelde, RAS, RAF, mitojenle aktive protein kinaz (MEK) ve
ekstraselliler sinyalle diizenlenen kinaz (ERK) proteinlerinin gorev aldigi bir sinyal
yolagidir ve pek ¢ok timorde RAS ya da RAF ailesi mutasyonlari nedeniyle aktiftir.

q MAPK pathway
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PI3K pathway po
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Melanoma ve BRAF geni

RAF kinaz ailesi Uyelerinden biri olan BRAF (v-Raf murine sarcoma viral oncogene
homolog B) mutasyonlarinin kesfi melanom arastirmalarinin ilerlemesine ¢ok buytk
katki saglamis ve genellikle erken evre melanomlarla iligkilendirilmistir.

Cytoplasmic Growth Signal Protein-BRAF

Extracellular Growth
Factor —>»

Cell membrane

Growth Factor Receptor
(EGFR or other growth factor
receptor family members)

RAS

PI3 KINASE (KRAS, NRAS, HRAS)
(PIK3CA)

8 ' RAF
PTEN— [ (8 (BRAF)

AKT1 Ca
\@ @/‘8
mTOR j r_ ERK

Cell Proliferation, Cell Survival, R Cytoplasm
Invasion & Metastasis g
: Tumor-Induced Angiogenesis

Nucleus




Braf geni 7. kromozomun uzun kolu (7q34)
uzerinde yer alir ve |8 ekzondan olusur.
Mutasyonlar, siklikla ekzon 15 icerisinde yer
alan 600. kodonda (V600A,V600D,V600E ve
V600KRM) ve | |. ekzonda gozlenir.

7q34’de lokalize olan BRAF geninin
genellikle 15. ekzonunda gériilen
mutasyonlar, insan melanom
tiimorlerinin yaklasik 7%50’sinde,
kutanéz melanomdan tiiretilmis hiicre
hatlarinin ise yaklagik %80’inde
gortlmistiir

# BRAF Mutations
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BRAF mutasyonlari genellikle kronik glines hasarina baglh olmayan melanomlarda

gozlenmektedir.

En sik rastlanilan mutasyon ise
BRAF proteininin 600. kodonunda
valinin glutamik asite (V600E)
donusumudur.

Normalde KRAS  tarafindan
kontrol edilen BRAF bu molekiler
degisimlerle kontrolden ¢ikar ve
KRAS’tan uyari gelmeden de aktif
durumda kalr. Bu mutasyonlar
BRAF’In kinaz aktivitesinin yaklasik
200- 400 kat artmasina ve RAS-
RAF-MEK-ERK yolaginin strekli
aktif kalmasina neden olmaktadir
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*BRAF mutasyonuna sahip hastalarda genel olarak hastaligin daha agresif
seyrettigi bilinmekle birlikte, V600-disi BRAF mutasyonuna sahip 4. evre kolon ve
rektum kanserinde hastalik gidisatinin (prognoz) ok daha iyi olduguna dair
calismalar mevcuttur.

*Bu nedenle, sadece bu mutasyonun pozitifligine bakilarak yorum yapilmamal,,
mutasyonun hangi kodonda yer aldigi da dikkate alinmaldir.

UBRAF mutant melanomda segici BRAF inhibitorlerinin (SBI) basarisina ragmen,
bu inhibitorlere karsi pek ¢ok molekuler direng mekanizmasi gelisebilmektedir.
Bu direncin nedeni BRAF geninde olusan ikincil mutasyonlar, RAS aracii MAPK

ya da reseptor tirozin kinaz aracili alternatif sagkalim yolaklarinin aktivasyonu
olabilmektedir.
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Vemuratfenib

Vemurafenib (/\\, marketed as Zelboraf) is an inhibitor of the Baf enzyme developed

by Plexxikon (now part of Daiichi-Sankyo) and Genentech for the treatment of late-
stage melanoma.

The name "vemurafenib" comes from V600E mutated BRAF inhibition.Vemurafenib
received FDA approval for the treatment of late-stage melanoma on August 17,201 |, making it the
first drug designed using fragment-based lead discovery to gain regulatory approval.
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Fragment 1 2 PLX4720 (3) PLX4032 (Vemurafenib, 4)
PDB code: 3CAE PDB code: 3CAF PDB code: 3C4C

PDB code: 30G7
1C5p =100 uMforPim-1  IC55=1.9 uM for FGFR1 IC5 = 13 nM for B-Raf V60OE 1C50 = 31 nM for B-Raf V60OE

LE=0.40 LE=0.31
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Vemurafenib

Vemurafenib causes in cell lines.

Vemurafenib interrupts the on the — if the
B-Raf has the common V600E mutation.

Vemurafenib only works in melanoma patients whose cancer has a V600E BRAF
mutation.

About 60% of melanomas have this mutation. It also has efficacy against the rarer
BRAF V600K mutation.

Melanoma cells without these mutations are not inhibited by vemurafenib; the drug
paradoxically stimulates normal BRAF and may promote tumor growth in such cases
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