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NELERi KONUSACAGIZ ?

Genom Duzenleme Teknolojileri

* Nedir ?

* Ne icin kullanabiliriz ?

* Cozuim bekleyen sorunlar neler?

e Kullaniminda etik veya yasal dizenlemeler var mi?

e Aklinizdaki sorular ?



Genom Diizenleme Teknolojileri
NEDIR?

* Bir organizmanin genomunda degisiklik yapabilme

Gecmisten farki nedir?

» HEDEFLI DEGISIKLIK

https://www.davidicke.com/article/424949



Genom Diizenleme Teknolojileri

Genomda hedefte degisikligi
saglayan mekanizma:

1. DNA’da hedef bolgede
cift iplik /tek iplikte kesik Hedef DNA

DSB

2. Hucrenin kendi tamir NHE)
mekanizmalarinin
kullaniimasi ve bu kesigin
tamiri




Genom Diizenleme Teknolojileri

Genom Dizenleme Araclari ===sp Nukleazlar

Meganucleases Zinc finger nucleases CRISPR/Cas9
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https://en.wikipedia.org/wiki/Genome_editing



Genom Diizenleme Teknolojileri

DNA Tamir Mekanizmalari

R,

Kalip DNA

m
A / B C \
Insersiyon Delesyon

VANV ANYAN/ANYNAN/AN/AN/ANZAN
A B X C A C

l

VAN ZAN /AN /AN /AN AN\TV/AN/H/AN
A B D C

Belirli mutasyonlar: Baz
degisikligi, gen insersiyonu vb

Belirsiz indel mutasyonlari

Homolog olmayan ug birlestirme (NHE)J) Homoloji bagimli tamir (HDR)

Ongoriilemez degisiklikler Ongoriilebilir degisiklikler
Daha stk ama kusurlu ‘ Nadir ama kusursuz

Kalip DNA @ Kalip DNA +
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Nikleazlar

Meganikleazlar

20-40bp/Enzim

Cinko parmak

LILLLFLITRIT] ({111

niikleazlar (ZFN)

3bp/Parmak
TALEN

1bp/Modil

CRISPR-Cas9

1bp/Baz

Avantajlari

Boyutlari kiguk,
hiicreye aktarimi
kolay

Klinik kullanimda en
cok kullaniimis
platform

Tasarimi ve uretimi
ZFN’ye gore daha
kolay, CRISPR’a gore
daha zor

Tasarimi ve uretimi
kolay
Ucuz

Dezavantajlar

Diziye 6zgul tasarim
yapmak zor

Denovo tasarimi zor
BUyUklGgu sebebiyle
vektorle hiicreye
aktarilmasi zor

Buyukligu sebebiyle
vektorle hiicreye
aktarilmasi zor

Hedef disi baglanma




Genom Diizenleme Teknolojileri
CRISPR/Cas9
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B MNs mZNFs MTALENs ®CRISPR/CASY

Seminars In Perinatology, 42(2018):487-500



Genom Diuizenleme Teknolojileri

CRISPR (Duzenli araliklarla bélinmus kisa palindromik
tekrar kiimeleri)/Cas9 (CRISPR- iliskili niikleaz-9)

* Prokaryotlarda viruislere karsi savunma sistemi

Prokaryotic cell

Stage 1: Foreign DNA acquisition

& &
&
cas genes & &  CRISPR locus

fDDDD—QIQIQDQDﬁ

host genome \ ] e RNA-guided
targeting of
l CRISPR locus transcription viral element

pre-crRNA ji jt j[ _ﬂ_ jL -

Stage 2: CRISPR RNA processing

http://doudnalab.org/research_areas/crispr-systems/



Genom Diizenleme Teknolojileri
CRISPR/Cas9

 RNA aracili genom dizenleme araci

The CRISPR-Cas9 Nuclease Heterocomplex

TARGET
GENOMIC
LOCUS

PROTOSPACER
ADJACENT MOTIF
(PAM)
spCas9 —

Target sequence "i,o
to cleave 0

Y GGGGCCACUAGGGACAGGAU GUUUUAGAGCUAG A
e} o A
- A
Your guide RNA A CUAUUGCCUGAUCGGAAUAAAAUY, CGAU
sequence A A .
C UUGAAAAAGUGGCACCGA tracrRNA built

|| 6 into vectors
3 CGUGGCU

http://doudnalab.org/research_areas/crispr-systems/



Genom Diizenleme Teknolojileri
CRISPR/Cas9

 Genomda neler yapilabilir?

Insertion or replacement

Large deletion or rearrangement

Gene activation

[Effector [Eftecton\
[ domain { domain \

Other modification,
e.g., chromatin or DNA modification

Imaging location
of genomic locus




Genom Diizenleme Teknolojileri
CRISPR/Cas9

Glincel limitler:
* Hedef kapasitesi: PAM dizisi
* Hedef disi (off-target) etkiler

* Hedefte ongorilemeyen degisiklikler (NHEJ)



Genom Diizenleme Teknolojileri
CRISPR/Cas9

 Varyant Cas9: Hedef sayisi T

Species/Variant of Cas9 PAM Sequence

Streptococcus pyogenes (SP); SpCas9 _

Neisseria meningitidis (NM)

Nature. 2015;523:481-485.



Genom Diizenleme Teknolojileri
CRISPR/Cas9

* Varyant sistemler: Base-editing

Complex formation

Cytidine deamination
and target binding

(C -> U on free strand)
/ y

Mismatch repair preserves edit IF
modified strand is used as template

No D58

dCas9 or Cas9 nickase
fused to a cytidine deaminase

Base excision repair inhibitor is
also present in fusion protein

Nature. 2016;533:420-424
https://www.addgene.org/guides/crispr/



Genom Diizenleme Teknolojileri
CRISPR/Cas9

* Varyant sistemler: Prime-editing

Known human pathogenic genetic variants b Prime editor (PE) and pegRNA Target DNA
.0%
2.5°o2 0% Reverse pegRNA nick site

transcriptase Protospacer PAM
domain

Transition point mutation

5o ! .
Transversion point mutation ; . LULTTTTTTTTTTTTOTNT . .,

gzlp‘aalitfar:ion 4 Edit position:+'1 +4 +12
Copy number loss
Copy number gain
Insertion ( Prime editing scope:
Insertion and deletion R X All 4 transition point mutations
Other ) All 8 transversion point mutations
Insertions (1 bp to 2 44 bp)
Cas9 nickase Deletions (1 bp to = 80 bp)
domain Combinations of the above

Prime editing range
for SpCas9 PEs
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Total variants = 75,122

Primer- RT template Direct polymerization of edited
binding site including edit DNA from the pegRNA into
— — = 3 the target site
TTTTTTTITTTT) TTTTTTTTTTTIT
PE + | . S —
pegRNA ——>» 5. - > — >
+DNA  Nicking 3= 5 Hybridization of = Reverse
of PAM 3 T € primer-binding [T 'C transcription
strand R RN site in pegRNA 3
\ to PAM strand

3’ Flap 5’ Flap
(contains edit) (lacks edit)

] 3 ’equililbargtion = I?‘I&% x Ci;}:ge = ‘ rlg;’)\gi\r ' Edited DNA
>, T« — 5, [ T gm T T, ———> 5.

3
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Nature. 2019 Dec;576(7785):149-157




Genom Diizenleme Teknolojileri
Uygulama Alanlari

* Temel bilim ve preklinik

arastirmalar

Prog Mol Bio Trans Sci. 2017; 152: 95-114



Genom Diizenleme Teknolojileri
Uygulama Alanlari

* Tedavi amacl klinik uygulamalar

In vivo gene editing Ex vivo gene editing

T cells

1. Somatik uygulamalar:
Ex-vivo/ In-vivo

2. Kalitimsal, esey hucrelerini

etkileyen uygulamalar

www.moleculartherapy.org vol. 24 no. 3, 430-446 mar. 2016



Genom Diizenleme Teknolojileri
Uygulama Alanlari

e W

* Diger:

1. Bitki ve hayvanlarda uygulamalar

Hevive extngt species

Eradicate malang Usng gens dmves
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Prog Mol Bio Trans Sci. 2017; 152: 95-114



Genom Diizenleme Teknolojileri
Uygulama Alanlari

o J

* Diger:

2. Insan irkini iyilestirme ???

7‘{’}‘1// & how risk §

Ms badoiness Alzheimers,
\ breast Caricer
% awmd Shikey

https://thecontroversialbabies.wordpress.com/



Genom Diizenleme Teknolojileri
Klinik calismalar

* Ex-vivo calismalar 6n planda

* Hedef somatik htcreler

* FDA ve EMA onayli klinik faz calismalar (Faz 1, Faz2)
* Faz 3 asamasinda trin @

* Cin, ABD ve Avrupa

* Hedef disi etkiler ve bunlarin saptanabilirligi



NCTID Diseases targeted Treatment Phase Location

NCT03057912  Human Papillomavirus-Related Malignant Neoplasm TALEN- or CRISPR/Cas9- mediated disruption of HPV EG/E7 DNA Phase 1 China
NCT02753836  Metastatic Non-small CellLung Cancer CRISPR/Cas?-engineered PD-1 knockout-T cells Phase 1 China
NCT02867332  Metastatic Renal Cell Carcinoma CRISPR/Cas?-engmeered PD-1 knockout-T cells Phase 1 China
NCT02867345  Hormone Refractory Prostate Cancer CRISPR/Casd-engineered PD-1 knockout T cells Phase 1 China
NCTO2863913  Muscle-Invasive Bladder Cancer Stage [V CRISPR/Cas?-engineered PD-1 knockout-T cells Phase 1 China
NCTO3044743  Stage IV Gastric Carcinoma; Stage IV Nasopharyngeal Carci- ~ CRISPR/CasS-engineered PD-1 knockout-T cell Phase/Phase2  China
nom; T-Cell Lymphoma Stage V; Stage IV Adult Hodgkin
Lymphoma; Stage IV Diffuse Large B-Cell Lymphoma
NCTO3166878 B Cell Leukemia; B Cell Lymphoma CRISPR/Cas3-engineered CAR-T cells Phase1/Phase?  China
NCT03081715  Esophageal Cancer CRISPR/Cas-engmeered PD-1 knockout-T cells Phase? China
NCT03332030  Neurofibromatosis Type 1; Tumors of the Central Nervous ~ n/a: diagnostic test, develop stem cellLins NIA, observational  United States
System
NCTO3164135  HIV-L-infection CRISPR/Cas3-engmeered CD34+ cells NIA China
NCTO3167450  Sickle Cell Disease Assessing the knowledge, attitudes, and beliefs of SCD patientsand /A, observational ~ United States
associates
NCTO3545815 Solid Tumor CRISPR-Casd-engineered PD-1 knockout T cells anti-mesothelin CAR- ~ Phase China
Teells
NCT03399448  Multiple Myeloma T Cells Engineered to express NY-ES0-1TCR and CRISPR/Casd-engl- - Phase ! United States
Melanoma neered knockout TCR and PD-1in combination with chemotherapy
Synovial Sarcoma
Myroid/Round Cell Liposarcoma
NCT03538613  Gastrointestinal Epithelia Cancer CRISPR/Cas?-engmeered CISH knackout T Cells Phaseq/Phased  United States
Gastrointestinal Neoplasm
Cancer of Gastrointestinal Tract
Cancer, Gastrointestinal
NCT03342547  Gastrointestinal Infection Participant intestinal stem cell differentiation to mini-guts followed China
by CRISPR/Cas9 genetic screens upon norovirus infections
NCTO03606486  High Grade Ovarian Serous Adenocarcinoma Crispr-Duplex sequencing will be used to detect tumor associated United States
Stage I Ovarian Cancer AJCC 8 mutations in TPS3 gene in ovarian cancer samples
Stage IIA Ovarian Cancer AJCCv8
Stage 11 Ovarian Cancer AJCCv8
Stage IA2 Ovarian Cancer AJCCv8
Stage IIB Ovarian Cancer AJCCv8
Stage IIC Ovarian Cancer AJCCv8
Stage IV Ovarian Cancer AJCCv8
Stage VA Ovarian Cancer AJCC 8
Stage IVB Ovarian Cancer AJCCv8
NCT03398967 B Cell Leukemia CRISPR/Casd Gene-editing of CAR-T Cells Targeting CD19and CD20or ~ Phase {/Phase?  China
3 Cell Lymphoma 00
NCT02%64481  Malignant Hyperthermia Genetic comparison of MH phenotype subjects tothatof the CHCT ~ N/A, observational ~ United States
negative control subjects.
CRISPR technology veill be used totest candidate genes/mutations
2017-003351:38  p-thalassemia CRISPR/Cas? Modified CD34+ Human Hematopoietic Stem and Progen-  Phase {/Phase?  Europe

Klinik calismalar
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Genom Diizenleme Teknolojileri

Klinik calismalar: ZFN

Scngcmm About Us Technology Pipeline Patients Clinical Trials Collaborations Investors + Media Careers
£

Preclinical Phase 1/2 m

H A

a-Synuclein MPS Il
(ST-502) (SB-913)

Huntington’s Tauopathies
Disease (ST-501)

In Vivo x In Vivo
Genome Editing Genome Regulation

https://www.sangamo.com



Genom Diizenleme Teknolojileri
Klinik calismalar: CRISPR

Newsroom Get in Touch @

»
mrtas Research and Pipeline  CRISPR Gene Editing  For Patients Who We Are  Join Our Team  Investors

MEDICINE

In Vivo Medicines Engineered Cell Medicines Posters & Presentations

Chromosome 12, position q21.32
(C ANETITEN- BT T NN AN "FY W)
[xon2a)H{Exn 5} -{Exen 20} C¥d g CF) g G

PAM Mutation

LI.“.I.LI.LLLI.LI.I.LI.I_LLLLI.I.LLLLIJ.I.U.I

e N
—_—

Deletion
SINIRRNITN

LLLLLLLLLLLLI.LLLLLLLLI.LLJJ.LUJ.LLLI

Transcription and normal mRNA splicing X .
Protein translation

https://www.editasmedicine.com



Genom Diizenleme Teknolojileri
Klinik calismalar: CRISPR

THERAPEUTICS

GENE EDITING

PROGRAMS

Hemoglobinopathies
Immuno-Oncology

Regenerative
Medicine

In Vivo

ABOUT US

Patients
Investors

Careers

Tackling a range of diseases with different approaches

We have established a portfolio of programs by selecting disease targets based on a number of criteria, including unmet medica
need, technical feasibility, advantages of CRISPR/Cas9 relative to other approaches and time required to advance the product

candidate into and through clinical trials.

Hemoglobinopathies

RESEARCH IND-ENABLING CLINICAL MARKETED

Immuno-Oncology

RESEARCH IND-ENABLING CLINICAL MARKETED
CTX1o
CTX120

CTX130

http://www.crisprtx.com




Genom Diuizenleme Teknolojileri

Klinik calisma sayisinin artmasi igin:

Hedef disi etki

Hedefte ongorilemeyen etki

Etkinlik ve e
Bagisiklik yaniti COZUM
Hedef hiicrelere tasinma

Uzun dénem etkileri gdrememe

N o UL sE wbhE

Etik ve yasal dizenleme eksiklikleri



Genom Diizenleme Teknolojileri
Etik ve Yasal Durum

Farkh dizlemler:
* Temel bilim arastirmalari, preklinik calismalar
* Insanlarin denek oldugu calismalar

* Ekosistemi etkileyecek hayvan, bitki ve diger canlilar

Uzerinde yapilan calismalar

e Kotu niyetli kullanimlar: Biyolojik silah



Genom Diizenleme Teknolojileri
Etik ve Yasal Durum

Insan calismalari:
1. Amac: Tedavi / iyilestirme
2. Ex-vivo/In-vivo

3. Somatik/Germline




Genom Diizenleme Teknolojileri
Etik ve Yasal Durum

B Ban (legislation)
| Ban (guidelines) = Restrictive
Ambiguous Not surveyed

Nature. 2019 Feb;566(7745):440-442.



Genom Diizenleme Teknolojileri
Etik ve Yasal Durum

* First International Summit on Human Gene Editing
(Aralik, 2015)

The National Academic of Sciences, Engineering and
Medicine (NASEM), Chinese Academy of Sciences, UK
Royal Academy of Science

* WHO 2018’de tavsiye kararlari yayinliyor

e Second International Summit on Human Gene
Editing (2019, Londra)

Raporu bu sene icinde bekleniyor



Genom Diizenleme Teknolojileri
Etik ve Yasal Durum

Temel bilim arastirmalari icin genom diizenleme

Ciddi hastaliklarin tedavisi icin somatik genom dlizenleme

Alternatif s6z konusu olmadiginda ciddi bir genetik
hastaligin tedavisi icin germline genom diizenleme

lyilestirme amacli somatik ya da germline genom diizenleme




Genom Diizenleme Teknolojileri
Etik ve Yasal Durum

* Yarar/Zarar orani kabul edilebilir
* Bilgilendirilmis onam mevcut

* Taninan otoritelerce konulan dizenlemelere uygun

ve gerekli izinler alinmis (FDA, EMA,...)

* Bu kosullar altinda somatik hlicrelerde genom

diuzenleme calismalari klinige tasinabilir.



Genom Diizenleme Teknolojileri
Etik ve Yasal Durum

Somatik hucrelerde genom diizenleme sirasinda
germ hucre hattinda istenmeyen genom dizenleme
s6z konusu olabilir mi?

* In-vivo genom duzenleme sonucu

Su ana kadarki calismalarda ya da preklinik calismalarda @

Embriyolarin ex-vivo her turli manipulasyonu bile spontan

olarak germ hicrelerinde degisikliklere sebep olabilir

 Kemoterapotikler ve bazi ilaclar da benzer riske sahip



Genom Diizenleme Teknolojileri
Etik ve Yasal Durum

Planlanan sonug

Planlanmayan sonug

l Genom diizenleme

S

insan gelisimi ve i Sitotoksisite
BElISIMI Ve In utero —_— oo 816
hastaliklar Gzerinde nedeniyle 61Gm

implantasyon
arastirmalar

Hedef disi Post zigotik

[ Gelisimsel defektler ¢ > Genetik mozaisizm

Kanser riskinde artis Canlidogum

¢ Esas hedef i

Hastahigin énlenmesi ve insan Degisken tedavi etkinligi/
gen havuzundan mutasyonun Ddzenleme germ hiicre
eliminasyonu hattinda +/-

Insan gen havuzuna
giren yeni mutasyonlar




Genom Diizenleme Teknolojileri
Etik ve Yasal Durum

Insan embriyolarindaki ilk genom diizenleme girisimi

e Cinli arastirmacilar

 B-talasemi, triploid yumurtalar, CRISPR/Cas9
* Dusuk etkinlik

* Cok sayida hedef disi etki

e Cok tartismall

e Bu tarz bir calisma icin erken !!!

Protein and Cell, 2015 6(5): 363—-372



Genom Diizenleme Teknolojileri
Etik ve Yasal Durum

Insan embriyolarindaki genom diizenleme calismalari

* Yasama sansi olan zigotlarda calismalarda mevcut
Glukoz-6-fosfat dehidrogenaz eksikligi
Hipertrofik kardiyomiyopati

* Hedefte hatali sonug, disuk etkinlik, mozaiklik, hedef disi

etkiler

* Potansiyel var ama yolun basinda



Genom Diizenleme Teknolojileri
Etik ve Yasal Durum

* CRISPR Bebekleri: Dr. He, 2018, Cin

Nature. 2019 Feb;566(7745):440-442.



Genom Diizenleme Teknolojileri
Etik ve Yasal Durum

CRISPR Bebekleri

* Mevcut ve planlanan calismalarda fonlama ve etik

onhay alma sorunlari
 Kamuoyunda olumsuz tepkilerin olusmasi

 Uluslararasi etik ve yasal diizenleme ihtiyacina

yonelik calismalarda hizlanma



Genom Diizenleme Teknolojileri
Etik ve Yasal Durum

Preimplantasyon genetik tani vs Genom Diizenleme

Male pronucleus*&—

Female pronucleﬁ‘/—o. ., <§?:}> . (@) . A,
SOA" <

Zygote 2-cell embryo 4-cell embryo  6- or 8-cell embryo Morula Blastocyst

O '/D PB1 and PB2 Blastomeres{ ® O W5 4
A\ Trophectoderm cells

')

PGD PGS

’\(monogenic)" ’\(chromosomal)/

FISH Multiplex gPCR aCGH NGS

W'WTHT\TT Probe 1 ( I Reference DNA Test DNA N DNA fra mentatlon and ‘
WL ‘ ’ )/-\- ‘l’ ~ ‘ ’ Ihr:r\gll nnnnnnnnnn

Embryo selection

Aneuploidy | (I ol (=== | No aneuploidy
or mutation | @ /) \ ¢/ | or mutatidn

Select for transfer

Bioethics. 2020 Jan;34(1):60-69.
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Etik ve Yasal Durum

Preimplantasyon genetik tani vs Genom Dizenleme

A Embryonic genome editing

Microinjection of Blastomere biopsy Trophectoderm
editing system for PGD biopsy for PGD

IVF or ICSI

Zygotes Cleavage process Blastocysts Verified
(One-cell-stage (3 days post (4-5 days post blastocysts
embryos) fertilization ) fertilization)

IVF or ICSI

B Oocyte editing C Spermatogonial stem cell editing

Testicular biopsy FACS sorting

Edited oocytes

Purified SSC

Oocyte retrieval Transplantation Genetic analysis

MII oocytes Verified Edited SSCs
SSCs

Bioethics. 2020 Jan;34(1):60-69.



Genom Diizenleme Teknolojileri
Etik ve Yasal Durum

Preimplantasyon genetik tani vs Genom Duizenleme
PGD’nin yetersiz kaldigi kosullar neler?

* Her iki ebeveyn AR hastalik acisindan homozigot ve

hasta
e Tek ebeveyn AD hastalik acisindan homozigot

* Bu ebeveynler genetik acidan iliskili cocuk konusunda

ISrarci

* PGD icin yeterli embriyo elde edilemiyor



Genom Diizenleme Teknolojileri

Cozulmesi Beklenen Sorunlar

* Ne kadar hedef disi etki tolere edilebilir?

* Hedefte degisiklik ama ne kadar hatasiz?

* Hangi tip genom duzenleme glvenilir?

* Mozaiklik kabul edilebilir mi?

* Uygulama sonuclari ne kadar takip gerektirecek?

* Dunya etik ve sosyal acidan buna hazir mi?



Genom Diizenleme Teknolojileri
Biz neler yapiyoruz?

* Tibbi Biyoloji Anabilim
Dali’'nda Prof. Dr. Pervin
Dincer ve ekibi

e Tubitak 1001 projesi ile
2015’te kurdugumuz ve
Hacettepe BAP altyapi
projesi sayesinde de
kapasite artisi ve
iyilestirme sagladigimiz
Zebra Baligi Arastirma
Laboratuvari’nda bu
teknolojiyi uyguluyoruz.

H.U. Zebra Balij Arastirma Laboratuvari




Genom Diizenleme Teknolojileri
Biz neler yapiyoruz?

Nadir hastalik modelleri olusturulmasi amaciyla
hiicre hatlarinda ve zebra baliklarinda TALEN ve daha

siklikla CRISPR/Cas9 sistemleri ile calisiyoruz.

e Kas distrofileri

 Kornea Distrofileri

Yaylacioglu Tuncay F, et al. Mol Vis. 2016 Oct 26;22:1267-1279.
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SIZIN SORULARINIZ




TESEKKUR EDERIM




