


HER pathways
play a critical role
in tumor biology




ER Ailesi Reseptﬁrlerin
Selliiler Etkileri

Normal ve kanserli hiicrelerde selliiler resoptorler
sinyallerin hticre disindan hiicre icine iletiminden
sorumludur.

Bu sinyallerin bircok etkileri vardir

- Biiytime

- Proliferasyon

- Sagkalim gibi
Reseptor aktivasyonu ve selliiler sinyaller normal
hiicrelerde sikica regitile edilr.

HER sinyal yolu zamansiz aktive edildigi zaman
kanser hiicrelerin biiyime ve yayilmasiyla _ —
sonuclanmaktadir




HER ailesi
reseptor yapisi

* Reseptor;

* Hiicre ytizeyinde

ekstraselliiler domain o ase. R | Extracellular
v R T R domain

e Transmembran domain
e Intraselliiler domain

* Reseptorlerinin domainlerinin s dameet Transmembrane
herbiri HER sinyal yolunda farkli | e 5
yonlerden sorumludurlar |

Intracellular




ER Ailesi Reseptorlerinin
Yapisi

* HER ailesi reseptorleri hiicre s
yiizeyinde lokalizedir. Her R g e e
reseptoOr ekstraselliiler ve binding ’ :

. .. . . . region
intraselltiler domaine sahiptir

— Ekstraselliiler domain
ligand baglamakta

— Intraselliiler domain ise
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7 etmektedir




HER ailesi reseptorlerin iiyeleri

* Birbirleriyle birkag sekilde etkilesen HER ailesi
selliiler reseptorleri yapisal olarak 4 sinifa
ayrilmaktadir;

e HERI: epidermal growth faktor reseptor (EGFR)
veya Erb-bl

e HER2: Erb-b2
e HERS3: Erb-b3
e HER4: Erb-b4
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Ligand Nedir?

* Genel olarak kiictik bir molekiil olup, belirli biiytik
bir molekiile baglanarak biyolojik etki olusturan

molekiillere “ligand” denir

* HER sinyal yolunda ligand hiicre disindaki bir
proteindir ve HER ailesi reseptorlerinin ekstraselliiler

domainine baglanmaktadir
* Biitlin ligandlar HER reseptor ailesine baglanmaz
- HER2'nin ligandi yoktur

- HER1/EGFR, HER3 ve HER4'tin spesifik hgangjar
ile birlesmektedir Foliie,




* Normal olarak ligandlar ihtiya¢ duyuldugunda (Or,
embriyonik gelisim esnasinda) sentez edilmekte ve

biiytimeyi stimtile etmektedir

* Growth faktort gibi ligandlar timor hiicrelerinin
btiytimelerini ve yayilmalarini saglamak igin

hiicreleri tarafindan da sentez edilmektedir




HER Ligandlari

* Igrup EGFR e IlL.grup EGFR ve HER4
- EGF, — Betacellulin.
: y - Heparin-binding EGF
- Transforming Growth Faktor (TGF-a), _ Epiregulin (NRG)
- Amphiregulin, - Heregulin

e II.grup HER3/HER4

|
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- Tomoregulin

) - Neuregulin




HER Ailesi Reseptorleri
ve Ligand Baglanmasi




Ligand baglanmasinin
nasil bir etkisi vardir?

* HER reseptoriine bir ligandin baglanmasi1 HER sinyal

yolunda ilk basamagi olusturmaktadir

* Ligandin baglanmasiyla HER reseptor ailesinde

konformasyonel degisiklik meydana gelmektedir

* Reseptordeki bu degisim dimerizasyon olarak

adlandirilan baska bir HER aile reseptorii ile
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birlesmesi ile sonuclanmaktadir
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* Daha sonra dimerize resptorlerin intraselliiler tirozin
kinaz domainleri transfosforilasyon ile aktive

olmaktadir

* Tirozin kinaz domainlerinin aktivasyonu multiple

downstream selliiler sinyali indiiklemektedir




Reseptor Aktivasyon
Prossesi
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Reseﬁr aktivasyonu komplekstir ve
bircok prosessten olusmaktadir

* Ekstraselliiler sinyalin intraselliiler sinyale doniistimii igin
HER aile reseptorlerinin aktive olmasi gerekir. Bu prosses

bircok basamaktan olusmaktadair:

1. Bir HER aile reseptoriine onun ligandi baglanir

2. Ligand baglandiktan sonra reseptoriin konformasyonu agik

pozisyondan kapali pozisyona ge¢gmektedir

* Ligand baglamayan HER?2 reseptorii acik

konformasyonda bulunmaktadir

:: i |



* Acik konformasyondaki bir HER aile reseptorti
dimerizasyon i¢in veya baska bir HER aile reseptorii

ile heterodimerizasyona hazirdir

- Reseptdr dimerizasyonu downstream sinyal

yolunun aktivasyonu igin gereklidir

- HER?2 acik konformasyonda bulunmasindan

dolay1 her zaman dimerizasyon i¢in hazirdir
p




* Dimerizasyondan sonra reseptorler biri digerine
yakinlastigindan kolaylikla birbirlerini transaktive

edebilirler

- Transaktivasyonda 2 reseptoriin intraselliiller TK

domainleri fosforlanmaktadir

* Transaktivasyon diger proteinlerin baglanmasin

indiiklemekte ve downstream selliiler sinyal

H proteinlerin aktive etmektedir



Dimerize reseptor
kompleksinin yapisi




EGFR sinyal sistemi
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- The EGFR is a transmembrane receptor with an extracellular ligand-binding domain and an intracellular protein tyrosine kinase domain. A
number of ligands can activate EGFR, including the endogenous ligands epidermal growth factor (EGF), transforming growth factor-alpha (TGF-
alpha), amphiregulin, heparin-binding EGF and betacellulin.[1,2]

- Ligand binding induces receptors to dimerize with either another EGFR (homodimers) or another member of the EGFR family
(heterodimers).[3] Compared with homodimer formation, heterodimerization induces a signal that differs in both qualitative and quantitative
terms.[4] Dimerization activates the intrinsic protein kinase via intermolecular autophosphorylation and this is followed by binding of
cytoplasmic messenger proteins at the phosphorylated site, resulting in the initiation of the different signal cascades, including those mediated
by mitogen-activated protein kinase (MAPK), phosphatidyl-inositol-3-kinase (P13-K) and AKT (also known as protein kinase B) from the
cytoplasm to the nucleus and eventually the activation of gene transcription.[3,5]

- This in turn results in a variety of cellular responses including proliferation, survival, angiogenesis and metastasis.[1,2]

- The EGFR signal is inactivated by internalization and then either degradation or recycling of the receptor.[5]
LA; 18.11.2008



Internalizasyon boyunca
reseptor regiilasyonu

Uzamis HER sinyal yolu hiicrelerde zararh etkiler
olusturmaktadir. Thtiya¢ duyuldugunda sinyal yolunun
kapatilmas1 kompleks sistem gerektirmektedir. Reseptor
internalizasyonu anahtar komponenttir:

Ligand-reseptor kompleksi olustugu zaman, hiicre ytizeyinde
ktimelenmektedir

Bu kiimelenme oyuk olusturarak endozom igine ge¢cmektedir
Endozom icinde;

Ligand HER aile reseptoriinden ayrilarak hiicre ytizeyine
tekrar gecebilir

Reseptor yikim icin hedef olabilir bu ytizden smygal _’
kesilmektedir : T



Nucleus



Tm Hiicrelerinde HER
reseptor dimeri
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LA2 The EGFR intracellular signaling cascade stimulates cell proliferation, angiogenesis, cell migration and metastasis formation and also provides

protection from apoptosis and prevents the loss of differentiation (ie all the key processes involved in tumorigenesis).[1]
- EGFR is expressed in a high proportion of solid tumors, in particular head and neck, lung and CRC.[2] Expression has been correlated with

disease progression[3] and many studies have shown that EGFR expression can be an adverse prognostic factor.[2]
LA; 18.11.2008



Birkac tiimor tipi HER sinyal
yolu tarafindan etkilenmektedir

@ Glioblastoma multiforme @

=

=

Head and neck cancer

Lung cancer
Breast cancer
Pancreatic cancer
Colorectal cancer
@ Prostate cancer
Ovarian cancer \




HER aile reseptorii kanserde
kontrolstiiz aktive olabilir

* Normal hiicrelerde aktivasyon prossesi siki sekilde
kontrol edilmektedir (reseptdr internalizasyonu gibi)
ve boylece hiicre biiytimesi kontrol altinda

tutulmaktadir

* Kanserde HER reseptorleri kontrolsiiz aktive
olmakta, boylece kontrol edilemeyen hiicre biiytimesi

ve timor hiicrelerinin yayilimi gerceklesmektedir

* HER reseptorlerinin ekspressiyonu veya hiicre

yiizeyinde fazla reseptoriin varligi sinyalleri_

; artirmaya neden olmaktadir




* Genetik mutasyonlarda HER reseptor tiretimine yol

acabilir ve hatta ligand baglanmaksizin aktive
edebilir

* Timorler HER aile reseptoriinii ve onlarla birlesecek
ligandlarini ekspresse ettikleri zaman tiimor kendi

biiytimesini stimtile etmektedir




HER sinyal yolu bozuklugu
bircok tiimor tipi ile birlesmistir

Timor EGFR bulunan tiimér yiizdesi
Bas ve boyun % 90 - 100
Kolon % 75 - 89
Prostat %100
Pankreatik % 95
Meme % 91
Renal % 90
Serviks % 82
Kiictik hticreli olmayan akciger % 80
Over % 77
Mesane % 72
Primer glioblastom % 63




EGFR Varllgl kotii prognozla
iskilidir

e Hastaliksiz sagkalim ¥
e Toplam sagkalim ¥

* Metastaz/invazyon T




Tiimorlerde EGFR
saptanmasi

* Protein tayini:
- Immiinohistokimyasal (IHC)
- Western blot

- Enzime bagh immiinosorbent tayini
(ELISA)

- Floresan aktivasyonlu hiicre smiflama
(FACS)

- Ligand-baglama assay

* Gen amplifikasyon tayini:
- Polimeraz zinciri reaksiyonu (PCR)
y - Southern blot
- Floresan in situ hibridizasyon (FISH)

G
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HER sinyal yolunun terapétik potansiyeli

* Bazi timorlerde sik EGFR ekspresse edilmekte

* Tumor hiicre replikasyonu, proliferasyonu ve
neovaskiilarizasyon roliinden dolayr EGFR'nin
inhibisyonu EGFR-ekspresse eden tiimor hiicrelerin
progressiyonu ve bilytimelerini inhibe etmesi
acisindan terapotik potansiyeli vardir.




Tyrosine
inhibitors

blocking

Antiligand
antibodies

HER dimerization
inhibitors

Anti-HER
blocking
antibodies
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There are a number of approaches to target HER1 dysregulation.

Antibodies against ligand block ligand binding.

However, neither approach will work if there is constitutive tyrosine kinase activity such as that found in some mutations of HER1 (eg, EGFR
vII).

Using a small molecule that specifically targets and either reversibly or irreversibly inhibits the tyrosine kinase activity is an approach that can
block signaling by all active HER1 forms, including those receptors with mutated or deleted extracellular domains.

Conjugates of a ligand and a cytotoxic agent or an antibody and a cytotoxic agent is another approach that can have the advantage of killing
the cell after internalization, in addition to inhibiting tyrosine kinase activity.

Anti-EGFR antibodies - the antibody binds to the cell surface EGFR, preventing ligand binding and signal transduction, and resulting in
internalization and degradation of the receptor-antibody complex.

Tyrosine kinase (TK) inhibitors - inhibitors bind to EGFR TK intracellularly, inhibiting kinase activity and blocking signal transduction.
Ligand-toxin and immunotoxin conjugates - ligand-toxin conjugates comprise an EGFR ligand conjugated with toxin, and internalization of the
complex results in the inhibition of protein synthesis and cell death. Immunoconjugates comprise anti-EGFR antibody conjugated to toxin
Antisense oligonucleotides - EGFR or TGF-a antisense oligonucleotides are targeted to DNA or RNA, and ultimately prevent protein synthesis
and promote cell death.

EGFR/ligand-directed vaccines - stimulate the production of antibodies that bind EGFR/ligand and enhance the systemic immune response.
LA; 19.11.2008
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- There are currently two main classes of agents that block EGFR signaling.

- EGFR-targeting antibodies are designed to bind to the extracellular ligand-binding domain of the EGFR, to block endogenous ligand binding
(eg: EGF, TGF-alpha) and the subsequent signal transduction mediated via the receptor-associated tyrosine kinase, preventing phosphorylation
of the EGFR and other downstream proteins in the signal transduction cascade.[1-3]

- MAbs are designed to be highly specific for the EGFR, to bind and inhibit the function of the EGFR.[1,3]

- The receptor-antibody complex is then internalized and degraded, resulting in receptor cell surface downregulation.[3,4]

- Tyrosine kinase inhibitors (TKIs) act on the adenosine triphospate (ATP) site of the intracellular domain by inhibiting EGFR
autophosphorylation. Depending on the nature of the TKI, EGFR inhibition can be reversible or irreversible.[5]

- Treatment with such antibodies and TKIs has been shown to inhibit the growth of some EGFR-expressing tumor cells and human tumor

xenografts. In vitro studies have shown this occurs by promoting apoptosis and cell cycle interruption.[6-10]
LA; 18.11.2008
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EGEFR ve KRAS
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* EGFR’de baz1 mutasyonlar ligandsiz islev gormekte ve selektif
olarak Akt ve STAT sinyal yolunu aktive etmektedir (hiicre
sagkalimi artirmakta)

e In vitro model sistemlerle yapilan deneylerde EGFR’nin mutant
formlar1 [G719S (ekzon18), L858R (ekzon21), ekzon 19 delesyon
ve ekzon 20’de insersiyon) transforming aktivitelerinin
oldugunu tespit etmislerdir
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Mechanisms of acquired resistance to EGFR-TKIs. (A) Activating mutations of the EGFR gene (red star) result in constitutive activation of
tyrosine kinase without ligand

binding. This then turns on survival signal through pathways including the PI13K/Akt pathway. Phosphorylated tyrosine residues of ERBB3 are
the main binding sites for p85,

a regulatory subunit of PI3K. (B) When gefitinib (G) is administered, EGFR tyrosine kinase is specifically inhibited and survival signal is shut
down leading to apoptosis of

cancer cells. (C) When secondary threonine-to-methionine mutation at codon 790 of the EGFR gene (T790M) is acquired, bulkier methionine
residue prevents gefitinib from

binding EGFR-TK. (D) Alternatively, when MET is activated by amplification, ERBB3 is phosphorylated by MET. Even when EGFR-TKI is inhibited
by gefitinib, activation of

the PI3K/Akt pathway is maintained through ERBB3 phosphorylation. In this case, co-administration of EGFR-TKI and MET inhibitor can block

survival signal.
OrtAk; 20.11.2008
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