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LOKOMOGENEZ

Prof Dr Engin Kelkitli




Normal Hematopoez

Surekli olarak eritrosit, I0kosit ve

trombosit uretmek.

Kaynak huicre: Hematopoetik kok

hiicre (HSC) — Ozellikleri:

« Kendini yenileme: Uzun vadede kdok havuzunu korur.

« Cok yonliiliik (pluripotensi): TUm kan hicrelerini
olusturabilir.

Farklilasma asamalarz:

« HSC — multipotent progenitor (MPP)

« MPP — Miyeloid ve Lenfoid kollar

« Miyeloid — eritrosit, granulosit, monosit,
megakaryosit (trombosit)

» Lenfoid — B, T, NK hucreleri




Normal Hematopoiesis

Main Functions:
*Continuous production of erythrocytes, leukocytes, and
platelets.

Source Cell: Hematopoietic Stem Cell (HSC) — Key
Features:

*Self-renewal: Maintains the stem cell pool over the long
term.

*Pluripotency: Can generate all blood cell types.

Differentiation Stages:

*HSC — Multipotent Progenitor (MPP)

*MPP — Myeloid and Lymphoid lineages

*Myeloid lineage — Erythrocytes, granulocytes, monocytes,
megakaryocytes (platelets)

Lymphoid lineage — B cells, T cells, NK cells
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Lokomogenez = loseminin
gelisim sureci

Lokomogenez: Normalden Maligniteye
Gecis




Losemiler sadece
“blast artist”
degildir!

Kok hicre biyolojisi

Klonal evrim

Genetik surlici mutasyonlar
Mikrocevre ve immun kagis

Modern tedaviler patogenez temelli (6rn: ATRA, FLT3
inhibitorl, Venetoklaks)

“Patogenez = Tedavi mantiginin temelidir.”




Leukemias are not just “blast increase”!

Underlying mechanisms:

Stem cell biology

Clonal evolution

Genetic driver mutations
Microenvironment and immune escape

Modern therapies are pathogenesis-based (e.g., ATRA, FLT3 inhibitor,

Venetoclax)

“Pathogenesis = The basis of treatment logic.”




LOKOMOGENEZDE KALITSAL (GENETIK) NEDENLER

1| Germline (Dogumsal) Genetik Sendromlar

‘Down sendromu (Trizomi 21) —» AML-M7, ALL riski 1
*Fanconi Anemisi — DNA tamiri bozuk — AML riski 1
‘Bloom, Ataxia-telangiectasia — genomik instabilite
Li-Fraumeni (TP53 germline) — coklu kanser + AML riski

2 | Kalitsal Mutasyonlar / Predispozan Genler

‘RUNX1 germline mutasyonu (FAPLA) — ailesel trombositopeni + AML
CEBPA germline mutasyonu — ailesel AML

*GATAZ2 eksikligi — immun yetmezlik + MDS/AML

Sonug: Kalitsal faktorler — “Hazir toprak” olusturur — Tek basina yetmez
— Ek vuruglarla (second hit) I16semi gelisir.



Hereditary (Genetic) Causes in Leukemogenesis

[1] Germline (Congenital) Genetic Syndromes

Down syndrome (Trisomy 21) — Increased risk of AML-M7, ALL
Fanconi Anemia — Defective DNA repair — Increased risk of AML
Bloom, Ataxia-telangiectasia — Genomic instability

Li-Fraumeni (TP53 germline) — Multiple cancers + increased AML risk

[2] Inherited Mutations / Predisposing Genes

RUNX1 germline mutation (FAPLA) — Familial thrombocytopenia + AML
CEBPA germline mutation — Familial AML
GATA2 deficiency — Immunodeficiency + MDS/AML

v Conclusion:

Hereditary factors create a “fertile ground” for leukemia development, but are not sufficient
alone. Additional hits (second hit) are required for leukemia to develop.




LOKOMOGENEZDE CEVRESEL (EDINSEL) NEDENLER

1] lyonizan Radyasyon

*Atom bombasi, radyoterapi oykusu

*DNA ¢ift zincir kiriklari — kromozomal translokasyonlar (orn t(8;21))
2 | Kimyasal Ajanlar

‘Benzene maruziyet — kemik iligi toksisitesi + klonal mutasyon
*Sigara — benzen + nitrozamin + reaktif oksijen turleri
‘Pestisidler / Organik ¢ozuculer

3 | Kemoterapiye Bagh (Therapy-related AML)
*Topoizomeraz-ll inhibitorleri — 1-3 yil sonra KMT2A (11923)
translokasyonu

Alkilleyiciler — 57 yil sonra del(5q), del(7q), kompleks karyotip
*Prognoz cok kotl, LSC yuku yuksek

4| Kronik Antijenik Stres / Enflamasyon

*Kronik enfeksiyonlar — HSC proliferasyonu 1

*Mikrogevre IL-6, TNF-a salgilar — LSC avantaji

*Otoimmun hastaliklar

5| Yaslanma ve CHIP

*Yasla birlikte HSC'de DNMT3A, TET2 gibi mutasyonlar 1 4 Sonug: Cevresel fakttrier DNA hasari +
CHIP — AML’ye zemin hazirlar epigenetik degisiklik + mikrocevre
bozulmasi ile LSC olusumunu tetikler.




Normal Hematopoez Nedir?

Sirekli kan hicresi Uretimi (giinde ~10" hiicre!)
Kemik iliginde gerceklesir.
*HSC — Progenitor — Olgun hucre
-Iki ana dzellik:
*Kendini yenileme

Farklilasma




Continuous production
of blood cells (about
10" cells per day)

Occurs in the bone
marrow.

What is Normal

Hematopoiesis?
HSC — Progenitor —
Mature cell

Two main features: ===

Differentiation

Self-renewal
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HSC’nin
Ozellikleri

maw  COK nadir (BM’de 1/100.000 hticre)

Omiir boyu hematopoez saglar

B (O o|likler:

« Kendini yenileme (self-renewal)
« Diferansiyasyon kapasitesi

« Uzun yasam suresi

« Quiescent (uykuda) kalabilme

Neden onemli?

— Bu Ozellikler malign donusumde de
kullanilir!




Properties of HSC (Hematopoietic Stem Cell)

*Very rare (1 in 100,000 cells in bone marrow)
*Provides lifelong hematopoiesis

Features:

*Self-renewal

Differentiation capacity

Long lifespan

*Ability to remain quiescent (dormant)

Why is this important? — These features are also utilized during malignant
transformation!



HSC

HSC’ler kemik iliginde mikrogevre dedigimiz 6zel bolgelerde yasar.

*Endosteal nis: Kemik yuzeyine yakin; HSC’leri uyku
halinde (quiescent) tutar.

*Vaskiler nis: Sinlzoid gevresinde; daha aktif/proliferatif hicreler
burada.

Anahtar hucreler ve molekuller:

*Mezenkimal kok huicreler (MSC) — stromal destek + CXCL12
salgisi

*Osteoblastlar, endotel huicreleri — hucre-hucre etkilesimi
*Makrofajlar, adipositler - HSC fonksiyonunu module eder
-Sinyal eksenleri:

*CXCL12—-CXCR4: Hucreyi nise baglar.

*VLA-4—-VCAM-1: Adezyon molekdulleri.

*SCF—c-KIT, TPO-MPL: KOk hlucre sagkalimi ve proliferasyonu.

“HSC yalnizca kendi genetigine gore degil, bulundugu adresin
komsularina gore de davranir.”



HSC

Hematopoietic Stem Cell (HSC)
*HSCs reside in special regions of the bone marrow called
the microenvironment (niche).
*Endosteal niche: Located near the bone surface; keeps
HSCs in a quiescent (dormant) state.
*Vascular niche: Around the sinusoids; contains
more active/proliferative cells.
*Key cells and molecules:
*‘Mesenchymal stem cells (MSC): Provide stromal
support and secrete CXCL12.
*Osteoblasts, endothelial cells: Cell-to-cell interactions.
*Macrophages, adipocytes: Modulate HSC function.
*Signaling axes:
*CXCL12-CXCR4: Anchors cells to the niche.
*VLA-4—-VCAM-1: Adhesion molecules.
*SCF—c-KIT, TPO-MPL: Stem cell survival and
proliferation.
*“HSCs behave not only according to their own genetics,
but also based on their



HSC Nisleri
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Hematopoietic Stem Cell (HSC)
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Mikrocevre Sinyalleri

Onemli eksenler:

CXCL12 - CXCR4 (retansiyon, goc¢)

VLA-4 - VCAM-1 (adezyon)
SCF - c-KIT (hayatta kalma)

TPO - MPL (self-renewal)



Microenvironment Signals

Key axes:

*CXCL12 — CXCR4 (retention, migration)
*VLA-4 — VCAM-1 (adhesion)

*SCF — c-KIT (survival)

*TPO — MPL (self-renewal)

Clinical connection:
CXCR4 inhibitor (Plerixafor) is used for mobilization in
transplants.



Ozellik LT-HSC
Kendini yenileme  +++

Diferansiyasyon  +

Proliferasyon Dusuk
Yuzey marker CD34-

LT-HSC / ST-HSC / MPP Farklari
Mesaj:

ST-HSC

++

Orta
CD34+

MPP

+++

Yuksek
FLT3+

— Kisa omiirlui poptulasyonlar ana isi yapar, LT-HSC arka planda bekler.



Differences Between LT-HSC / ST-HSC / MPP

Message:
-> Short-lived populations do most of the work, LT-HSC waits in the background.

Feature LT-HSC ST-HSC

Self-renewal

Differentiation

Proliferation

Surface marker




Normal vs Malign Hematopoez




Normal vs Malign Hematopoiesis

Controlled proliferatioin l Malignant (leukemic) |

Proper differentiation hematopoiesis: : :
: - Uncontrrolled proliferation
Balanced relationship

- Differentiation blockage
Balanced relationship

v g . ¢ -Escape from apoptosis
kil = LA e -Manipulate microenvironment
- v -

Leukemia = not only “many cells"
but improper cells!

—




Kanserde Stem Cell Modeli (CSC Hipotezi)
Tum kanser hucreleri ayni degildir

Kanser kok hucresi (CSC):
Self-renewal kapasitesi var
*Tumorun devamliligindan sorumlu
*Genellikle nadir populasyon

*Diger hucreler — sinirli bolunur, kisa
omurlu



Cancer Stem Cell Model
(CSC Hy pothesis)

Not all cancer cells are the same.

- Cancer stem cell (CSC):

- Has self-renewal capacity

- Responsible for tumor
maintenance

- Other cells = limited division,
short-lived




Lésemiye Ozgii Kavram:
LSC (Leukemia Stem Cell)
LSC = Leukemia Stem Cell

MESAJ:
Losemi = LSC hastaligidir.

AML’de 1997'de tanimlandi

(Bonnet & Dick)

Ozellikleri:

Normal HSC’ye benzer
Kendini yeniler

Klonal populasyon uretir
Kemoterapiye direncili
Nisi kullanir




Loncept Unique to Leukemia:
|SC (Leukemia Stem Cell) [t R W INE:

1997 (Bonnet & Dick)

Characteristics:

 Similar to normal HSC
« Self-renewal

MESSAGE: * Produce clonal population

e - « Chemotherapy-resistant
Leukemia is an LSC disease. Py-Tes!




Kanser Gelisimi = Cok Basamakli Sure¢
“Tek mutasyon = tek basina losemi yapmaz.”

Baslangic mutasyonu (initiation)

Klonal genisleme (promotion)
Ek mutasyonlar (progression)
Malign fenotip




INTIATION PROGRESSION

MALIGNANT

One mutation PHENOTYPE
alone does not

cause leukemia— it is @ multistep
it is a multistep process!



Prelosemik
Mutasyonlar Neler?
Prelosemik HSC’lerde

sik mutasyonlar:

Epigenetik duzenleyiciler:

- DNMT3A
« TET2

« ASXL1

« IDH1/2

Bu mutasyonlar self-renewal
avantaji saglar

Ama tam losemi fenotipi



l
What Are
Preleukemic BEECLUEIUNENEIGISE

Mutations? - DNMT3A
. TET2

« ASXL1
* IDH1/2

Those mutations provide
self-renewal advantage

But do not produce full
leukemic phenotype




LSC (Leukemia Stem Cell)
Olusumu

Farklilasma blokaji (6r. PML-RARA, RUNX1-RUNX1T1, NPM1)

H - u L1 LA -m “ - ,,
Ikinci / Uclincti “hit Proliferasyon sinyali (6r. FLT3-ITD, NRAS/KRAS)
eklendiginde: — Hiicre artik I6semik kék hiicre (LSC) haline gelir.

LSC Ozellikleri:

Kendini yeniler

Diferansiyasyon engelli

Blast Uretir

Nisi manipule eder

Tedaviye direnclidir




fFormation of lecukemia Stem Cells (BC) in
acute leukemia

EPIGENETIC FURTHER
UTATIONS MUTATIONS  SELF-RENEW/
MT3A, TET2 PML-RARA
ASXL1 RUNX1:RUNX1T1 - DIFFERENTIATI
BLOCK (f3¢§

FLT3-ITD
. BLAST

NRAS/KRAS

" PRODUCTION 4

NICHE, <25
MANIPULATIO

THERAPY
RESISTANCE

LF-RENEWAL
ADVANTAGE LEUKEMIA
E-LEUKEMIC LEUKEMIA STEM CELL
MPATOPOIETIC STEM CELL (LSC)




Ozellik

Kendini yenileme
Diferansiyasyon
Proliferasyon

Metabolizma

Nise bagimlihk

Tedavi duyarliligi

Dengeli
Glikoliz
Var

Duyarli

Ana fikir:
AML = LSC hastaligidir.

X

Kontrolsuz
OXPHOS 1
Daha fazla!

Direncli




Self-renewal Vv
Proliferation Uncontrolled

Niche dependence| _Present | __ Morel

MAIN IDEA:
AML = LSC disease




Klonal Evrim ve Heterojenite
AML tek klondan olusmaz — bircok alt klon vardir.

e Klonal evrim modelleri:

Lineer evrim:

Klon A - A1 — A2

Dallanmis evrim:
Klon A — B, C, D (ayni anda farkl
alt klonlar)

Clonal Evolution and
Heterogeneity in AML

Linear Evolution

Main Leukemia
Clone

!

®

Branched Evolution




Mutasyon Siniflari

AML'de ylizlerce mutasyon tanimlandi ama 3 ana islevsel gruba ayirmak

isleri kolaylastirir:

1. Farklilagsma 2. Proliferasyon / 3. Epigenetik /
blokaji sinyal aktivasyonu transkripsiyonel

Bu model klinik-genetik korelasyon ve hedefe yonelik tedaviler icin temel
olusturur.

Engin Kelkitli



WHY MUTATION
CLASSIFICATION?

é ‘ﬁw

DIFFERENTIATION | | PROLIFERATION/ | EPIGENETIC
BLOCKADE | SIGNAL DYSREGULATION
ACTIVATION

TARGETED THERAPIES

CLINICAL-GENETIC CORRELATION




Farklilagma Blokaji: Kavram
Normalde progenitor hucre -> olgun hucreye donusur




Sinif 1: Farklilasma Blokaji

Ornek 1 PML-RARA Ornek 2:

- (Akut Promiyelositik Losemi - APL RUNX1-RUNX1T1, CBFB-MYHI11

t(15,17) - PML-RARA flizyonu

( CBF fluzyonlan (Core -binding factor)
— RAR« inhibisyonu

( Olgunlasmayi engeller

® Hucre promiyelosit agsamasinda ( Cogunlukla ek mutasyon gepkir
kilitlenir (KIT, RAS)
@ Klinik: - Auer gubuklari
* DIC riski
S\
—

Tedavi: ATRA +arsenik
fizyon yikilir . =

6, (4 KUR $ANSI YUKSEK

Engin Kelkitli




Differentiation Blockade: Concept
Normally, progenitor cell > mature cell

4 N
) | ‘ S
b 7 | |

N




PML-RARA (APL)
t(15;17) - PML-RARA fuzyonu

*RARA reseptoru ¢
— Transkripsiyo
— Promiyelosi

eksine bagl kalir

Klinik:
FAB M3
*DIC riski

Tedavi:
*ATRA + Arsen
Patogenez te



PATHOGENESIS OF ACUTE

PROMYELOCYTIC LEUKEMIA
(APL, PML-RARA FUSION)

—
BLLLLE
t(15;17) translocation creates RARA receptor remains
PML-RARA fusion gene bound to corepressor/H

DDAC complex, blockin
transcription

0o
— FAB ‘

M3
Promyelocytes Clinical: FAB M3
cannot mature high risk of DIC

9 Treatment: ATRA + Arsenic
0 = breaks the fusion
difterentiation resumes



Proliferasyon / Sinyal Mutasyonlari

Bu mutasyonlar hucreye “bolun, durma!” sinyali verir.

En sik ornekler:
*FLT3-ITD / FLT3-TKD
*‘NRAS / KRAS

KIT

*JAK2

Mekanizmalar:
‘RAS/MAPK aktivasyonu
*PISK/IAKT/mTOR
*JAK/STAT

Sonug:

*Hucre dongusu 1
*Apoptoz |

*Klonal ekspansiyon

RAS/MAPK

PI3K/AKT
/mTOR

FLT3

;‘“

SR
§
5

Proliferasyon

)
Apoptoz|




Sinif 2: Proliferasyon / Sinyal Aktivasyonu

Ornek 1: FLT3-ITD (i¢sel tandem duplikasyon)

e FLT3 reseptdru surekili “acik”
— RAS/MAPK, PI3K, STATS

yollari aktif — patlama gibi cogalma. l l I
A\ Prognoz: kotu; nuks riski yuksek. L

@ Tedavi: FLT3 inhibitorleri (midostaurin, gilteritinib).
A Grnek 2: NRAS/KRAS, KIT, JAK2

o RAS/MAPK veya JAK/STAT .
Uzerinden proliferasyon KIT
sinyali artar. 6

@ Tek basinaAML degil: genelde

farklilasma blokaji ile birlesir.



FLT3-ITD
FLT3 = tirozin kinaz reseptor

Ligar FLT3-ITD
NOLIGAND MUTATION IN ACUTE
BINDING MYELOID LEUKEMIA

Internal

tand ‘
*ITD = internal tandem duplication (juxtamembrane bdlge) dupﬁgat?éﬂ N FLTs | Seen in ~30% of
— Reseptor kendini fosforile eder (ligand yokken bilel) (ITD)  \Q\ L/ AML _
— Sinyal surekli aktif JUXTAMEMBRANE | | | * Poor prognosis
Klinik: o EEG'ON\ -~ High relapse risk
AMLnIn %30 unda var AR | i
Kot prognoz 800000006 | 1086006
*Niiks riski yiksek Always-on (I2) (2
Tedavi: ANNA N

—_— "
-FLT3 inhibitérleri (Midostaurin, Gilteritinib) SR Always on
l SIGNALING

" FLT3 inhibitors |
Midostaurin ._/‘
_ Gilteritinib



Epigenetik / Transkripsiyonel Duzen
Bu mutasyonlar gen ifadesini degistirir (DNA
dizisini degil')

Ornekler:

*DNMT3A (DNA metiltransferaz)
*TET2 (demetilasyon)

*IDH1/2 (onkometabolit Uretir)
*ASXL1 (kromatin duzenleyici)
EZH2 / KMT2A (histon modifikasyonu)
*Splicing (SRSF2, SF3B1)
*Kohezom (STAG2)

Sonug:

— Gen acilip/kapanmasi bozulur
— Farklilagsma genleri sessiz

— Self-renewal genleri aktif

EPIGENETIC AND TRANSCRIPTIONAL
REGULATION IN HEMATOPOIETIC CELLS

) TR

Lympocyte
Hemaopoietic ~ \ &
stem cell o
) Monocyte
_ Neutrophil
IDH1/2 44
_ Demethialyso g

. Gene Gene
7  €xpression expression xpression

Epigenetic
modification

Differenttiation ‘ I~
enes |
- L CHs Gene

expression

Self-renewal Gene expression
genes atif



EPIGENETIK / TRANSKRIPSIYONEL

DUZENLEME

*Ornek 1: IDH1/2 mutasyonlari mﬁ;mpﬂ;}dons 5
«Onkometabolit 2-hidroksiglutarat 1 — INCREASED .NJPB*,*T‘OR
TET2 inhibisyonu — DNA GLUTARATE /0o e
hipermetilasyonu — farklilasma durur. \) > DIFFEREN-
+Tedavi: IDH1 (ivosidenib), IDH2 L '
(enasidenib) inhibitdrleri — farklilasma i\ HEVIILATION

~ geri gelir. alll Q

*Ornek 2: DNMT3A, TET2, ASXL1 CHs CELL
*DNA/histon metilasyonu bozulur — gen DNMT3A, TET2,
ekspresyonu yanls ayarlanir. ASXL P
*CHIP ile iliskili; AML riskini artirir. G"E",'QSEREEXGP%LEQTSE('))N A et

P2 iy



IDH1/2 Mutasyonu

Normalde:
IDH1/2 — a-ketoglutarat Uretir

Mutasyonda:

IDH1/2 — 2-hidroksiglutarat (2-HG) uretir (onkometabolit)

2-HG ne yapar?

*TET2'yi inhibe eder

*DNA hipermetilasyonu
Diferansiyasyon blokaiji
Klinik:

AML'de %10-15

*MRD takibinde onemli
Tedavi:

*IDH1 inhibitoru: Ivosidenib
*IDH2 inhibitort: Enasidenib
— Farklilasma sendromu yapabilir!

o-Ketoglutarat

Genetik ve \
epigenetik S
degisiklikler /<

~~~~~

== Farklilas- "\

mayan blastik
blicreler

hipermetilasyonu

)

Farklilasamayan




Kemik iligi Mikrocevresi (Nis) Nedir?
Nis = HSC’nin yasadigi ve kontrol edildigi ekosistem

BONE MARROW
MICROENVIRONEMENT  LEUKEMIA
(NICHE)

Mesonchymal §
stromal cell

Ana hucreler:

*Mezenkimal stromal hucreler
Osteoblastlar RETENTION
*Endotel hicreleri
*Makrofajlar : f
-Adipositler ~ & = / (T
Temel gorevler: HSC SURVIVAL &/ AND
*HSC'yi tutmak (retansiyon) SIGNALS * /A% EXPLO'T
-Uykuda tutmak (quiescence) /[ y
*Yasam sinyalleri gondermek

Losemide?

— LSC bu nigi “ele gecirir’ ve kendi lehine kullanir!

Adipocyte



LSC Nise Nasil Tutunur?

En onemli baglant::

CXCL12 (stromal) — CXCR4 (LSC)
— LSC'yi nige ¢eker ve orada saklar
— Kemoterapi ulasamaz

Diger adezyon yollar::
*VLA-4 — VCAM-1
*E-selektin reseptort

Klinik strateji:

Bu baglantiy1 kir — LSC'yi disari ¢ikar
— tedaviye duyarl hale getir

Ornek ilag: Plerixafor (CXCR4
inhibitoru)

BONE MARROW MICROENVIRONMENT

STROMAL CELL | M Normal Leukemic
> . [N~ Hematopotic  giem cell

7

Stem Cell

| CXCL12-
=4 CXCR4

/| E-selectin
Axis |

VLA-4 |
VCAM-1

_ V-selectin
= Receptor

I ® E-selectin LSC
MICROENVIRONMENTAL SHIELD

| B | LSC HIDDEN IN NICHE
STROMAL CELL PROTECTED FROM CHEMOTHERAPY

Adipocyte



Mikrocevre LSC'yi

Nasil Korur?
Stromal hucreler:

IL-6, IL-1B8, TNF-a salgilar — inflamasyon — LSC avantaij

FLT3 ligand artirir — FLT3-mut AML’yi destekler

CYP3A4 enzimleri ile ilaclari inaktive edebilir!

HIF-1a aktivasyonu

Hucreyi yavaslatir, oksidatif stresi azaltir

Tedaviye direnc 1

Mesa;j:
LSC sadece genetik olarak degil, mikrocevre
kalkaniyla da korunur.



HOW DOES THE MICROENVIRONMENT
PROTECT THE LEUKEMIA STEM CELL (LSC?

\_,lr ;

Hypoxia

LSC advantage “ [
\‘ . HIF-1a activatic
—slows cell
Stromalcells /(> —reduces oxida
O stress
—increases ther
resistance

o O
LT3 licand _ CYP3A4 enzyn
|Crea$ges Boniigl‘::rrow can inactivat

supports FLT3-mut AML drugs



Immiin Kacis: LSC Neden “Goériinmez”?
LSC, bagisiklik sisteminden kurtulmak igin gesitli hileler kullanir:

17LECI SUNPNICODI1VINI viaviupiiaye cvasiuvlil

1) T-hucre baskilama:

*PD-L1 ekspresyonu — PD-1’li T hucresini “uyutur”
«(immunoterapi hedefil)

*TIM-3 / Galectin-9 — T-cell exhaustion

2) Makrofajdan kacis:

*CD47 = “Don’t eat me” sinyali

— SIRPa reseptorune baglanir

— Makrofaj fagosite etmez

Anti-CD47 (Magrolimab) tedavisi gelistirilmistir.

3) HLA azalmasi:

*Antijen sunumu azalir

«Immiin tanima bozulur

Sonug:

LSC = gizli, korunmus, tedavi direngli hiuicre

— Nuksun gercek sebebi!

downreguilation

)

/’ Poor
<’ antigen
presentation

Macrophage
LSC = hidden, protected, therapy-resistant cell



Tedavi Direnci ve Nuks: Neden Olur?

1| LSC varhigini korur

2 | Mikrogevre onlari saklar

3| Immin sistem onlari tanimaz

4| Ek mutasyonlar gelisir

5 | Metabolik adaptasyon (OXPHOST, BCL-2
bagimliligt)

Nuks tarleri:

*Ayni klondan (klonal evrim)

*Daha erken bir prelosemik klondan (klon geri donusu)

Klinik ¢cikarim:

Ik remisyon = en degerli firsat — derin tedavi + MRD takibi SART



Therapy Resistance and Relapse: Why?

L) LSCs persist
&3 Microenvironment shelters them
&) Immune system fails to recognize then

) Additional mutations develop

) Metabolic adaptation (OXPHOST,
BCL-2 dependence)

Relapse types:
e Same clone (clonal evolution)
e Earlier preleukemic clone (reversrion)

Clinical take-home:
First remission = most valuable opportunity
— deep therapy + MRD monitoring ESSENTIAL



Patogenez — Hedefe
Yonelik Tedavi Koprusu
Artik tedaviler “herkese
ayni kemoterapi” degil.

Mesaij:
Her mutasyon = potansiyel hedef!

PML-RARA — ATRA + Arsenik

FLT3-ITD — FLT3 inhibitorleri (Midostaurin, Gilteritinib)

IDH1/2 — IDH inhibitorleri (lvosidenib, Enasidenib)
BCL-2 (OXPHOS bagimlihgi) — Venetoklaks

CD47 — Anti-CD47 (Magrolimab)

Menin-KMT2A / NPM1 — Menin inhibitorleri




Take-Home Messages

(5 Altin Kural)

Hematopoez = kontrollii bir

niyerarsi Bozulursa -~ malignite

-
\

Lokomogenez = ¢cok basamakli
(CHIP - pre-HSC - LSC —» AML)




Lokomogenez — Cok Basamakli Model
Neden “cok basamakli”?

LOosemi tek bir mutasyonla bagslamaz.
*ilk basamak: Sessiz ama klonal avantaj saglayan degisiklikler

-ikincil/iigiincii basamaklar: Farklilasma blokaji, proliferasyon,
mikrocevre ile isbirligi — tam losemi fenotipi

Genellikle “domino tasi benzetmesi” kullanilir: ik tagi CHIP
iter, son tas AML’yi olusturur. —




CHIP (Clonal Hematopoiesis of Indeterminate Potential)

of Indeterminate Potential)

[CHIP (Clonal Hematopoeiesis

)

DAY Somatic mutations in

blood cells (DNMT3A,
TET2, ASXL], etc).
but no hematologic

malignancy yet.

m o Prevalence 10-20%
€

atage 50

e Increased AML risk,
but not every
CHIP-> AML

o Also 7 cardiovascular risk
(inflammation

9

\

LA The preleukemic clone
becomes dominant in

@ blood production.
Message:

@ CHIP = founder mutations

that prepare the groundwork.

Kan hiicrelerinde somatik

m mutasyonlar (DNMT3A,

TET2, ASXL1 vb.), ama
heniiz hematolojik malignite
yok.

50 yasta %10-20 siklik (Y
m AML riski artar ama v
her CHIP - AML olmaz

Ayrica kardiyovaskiiler risk T
(inflamasyon)

9 Prelosemik klon kan
Patolou. uretiminde baskin ‘

hale gelir.

@ CHIP = zemin
hazirlayici kurucu

mutasyonlar




CHIP Sonrasi: Prelosemik Kok Hiuicre

« CHIP = sadece klonal genisleme

* Prelosemik HSC = ikinci hit eklenmis h:i
 Bu hiicre:

« Hala fenotip olarak normal gériinebilir

o Klinik I16dsemi yoktur

* Ama “tohum” hazirdir

Fenotip olarak normal
goriinebilir

Onemli Ozellik:
* Prelosemik HSC'ler remisyonda bile hastada kalabilir!
—> Nuks kaynagidir Ama “tohum” hazirdir

—ﬁ Engin Kelkitl




Losemik Kok Hucre

Losemik Kok Hiicre Gelisimi

CHIP Gzerine ikinci genetik degisiklik eklenince I6semik kok hlcreler olusur. Bu
hicreler I6seminin baglamasinda Kilit rol oynar.

Fenotip ve Ozellikler

Bu hilicreler genellikle CD34*CD38~ fenotipi gosterir. Kendini yenileyebilirler,
fakat farklilasamazlar.

Kemik iligi Nisi ve Niiks

Kemik iligi nisinde uyuyan klonlar, minimal rezidi hastalik (MRD) ve niksiin
kaynagidir.

Metabolik ve Antiapoptotik Ozellikler

Losemik kok hicreler OXPHOS agirlikli metabolizma ve BCL-2 bagimliligi ile
antiapoptotiktir.




LEUKEMIA STEM CELLS
IN ACUTE LEUKEMIA

CHIP LSC FEATURES

@ PRELEUKEMIC CD34+CD38-
HSC phenotype

Founding O Self-renewal
MUtALions Inability to

dlﬁerentiate

DNMT3A Re31de in
TET2 bone marrow
ASXL1 LSC ‘ / niche

J/ (Lukemia @ @ Sourc of MRD
A Stem Cell) @ and relapse
Addition of
second genetic hit (0XPHOS)

A BcL2] BCL-2 depen-

AAAV 4 Aonro




Farklilasma Blokaji ve Proliferasyon

AML gelisimi, hucre farklilasmasinin engellenmesi ve anormal
proliferasyon sinyalleriyle tetiklenir. Bu slrec, hastaligin baslangicini

olusturur.
as - Klonal Genisleme ve Klinik Seyir
Losemik ? y
T TR ] Klonal genisleme ve blastik hucrelerin artisi, AML'nin klinik tablosunu ve
Donugum semptomlarini olusturur. Tani aninda birden fazla alt klon bulunabilir.

Tedavi ve Direncli Klonlar

Tedavi baskisi altinda direncli klonlar secilir ve bu, hastaligin nuks
etmesine neden olabilir.



LEUKEMIC TRANSFORMATION

DIFFERENTIATION CLONAL EXPANSION
BLOCKADE & PROLIFERATION & CLINICAL COURSE
BLOCKADE CLINICAL
SYMPTOMS
TREATMENT
PROLIFERATION & RESISTANT CLONES
(@ é
CLONAL EXPANSION ;
N | N\ RELAPSE
%

- CHEMOTHERAPY




Normal HSC
| (kurucu mutasyon: DNMT3A/TET?2)

CHIP (prelosemik klon)
| (ikinci hit: proliferasyon/farklilasma
blokaiji)

LSC (I6semik kok hiicre)
| (klonal genisleme, mikrocevre destegi)

AML



Normal HSC
| founder mutation: DNMT3A/TET?2)

CHIP (preleukemic clone)

| second hit: proliferation/
differentiation blockade

LSC (leukemia stem cell)

| clonal expansion,
microenvironnement support

AML



Mesaj

“AML sadece genetik
bir hastalik deqil;
kemik ilig
mikrogevresi ve
Immun sistem de
oyunun parcasil.

Bu nedenle tek bir
hedefi vurmak ¢cogu
zaman yetmiyor.”

AML IS NOT JUST A GENETIC DISEASE

THE BONE MARROW MICROENVIRONMENT
AND IMMUNE SYSTEM ARE ALSO PART OF THE GAM

& & A
& &’ s
7 = %
) 2
v f(’ fe e
1 J
L 4

THEREFORE, TARGETING A SINGLE
FACTOR IS OFTEN NOT ENOUGH



Normal Hematopoez -> AML

(Clonal Hematopoiesiss)

!

é Kurucu mutasyonlar — CHIP

ikinci / Uglincii “hit’ler — LSC
(Losemik Kok Hiicre)

Engin Kelkilti




~ 1.MUTASYON
SINIFLARI

Sinif  Ornekier

FARKLILASMA
BLOKAJI

PML, RARA
RUNX1-RUNXIT1

PROLIFERASYON
SINYALL
FLTS-ITD, RAS,
KIT
EPIGENETIK /
DUZENLEME

IDH1/2, DNMT3A,

MElT2

NORMAL HEMATOPOEZ

(5 2\

KURUCU MUTASYONLAR
— CHIP (KLONAL HEMATOPOEZ)

¥
IKINCi / UCUNCU... HIT“LER
— LSC (LOSEMIK KOK HUCRE)
v
FARKLILASMA BLOKAJI
-+ PROLIFERASYON SINYALI
- EPIGENETIK BOZULMA
v
MIKROCEVRE DESTEGI
- IMMUN KACisS
- OXPHOS BAGIMLILIGI

AML

(KLONAL GENISLEME, MRD, NUKS)

4. KLINIK ANAHTAR MESAJLAR

1. AML cok basamakli bir siirectir.

2. Genetik + mikroceyre + metayboiizma birlikte rol oynar.
3. Patogenez bilgisini tedavi seciminde kullaniyoruz.

4. MRD veé niiks. LSC ve nis biyolzusiyle liailidir.

5. Gelecek: CAR-T, bispesifik antikorlat, metaibolik hedefler

2. MiKROCEVRE |
VE IMMUN KACIS

o CXCLI2- CXCR4,
VLA 4-5/CAM-1;
Nise tutunma

» PD-L1, CD47,
TiM-3; inimiin ‘
sistemden kagis

» Hipoksi,
sitokinler. |
Diroii¢ ve niikstin
temell

3. PATOGENEZ
—TEDAVI

PML-ARAA | ARA |

FLEB ATRA
ITD/1AD | ° Arzenik

Midostaurin. ‘
Ginerismib ‘
IDH1/2 IDH2

\

ivosidenib. Enasidenib |

CXCIVI
B E selektin
CD47 don'teatme ‘

Magrolimab

BCL-Z bagimilligi
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