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Gen Tedavisi
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;@s Gen Tedavisi ve Hiicresel Tedaviler
A

Enzim Replasman Tedavisi

Gen tedavisi, Genin Diizeltilmesi
eGen eklenmesi

eKusurlu Genin Kapatilmasi,
degistirilmesi, dizeltilmesi

eBaska bir genin aktive edilmesi

*Bir gene yeni bir gen islev eklenmesi

GENE and B Hiicre terapisi
CELL THERAPY Vg Wl - Saglikli veya
ADVANCED MR, 4% ALY £ dizeltilmis somatik

THERAPIES: | Hicrelerin yonetimi

by Alessandro Cantucci(Studio Stalio) - copynight 2000 Andrea due



Gen Tedavisi Tarihgesi
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Gen Tedavisi ve Gelecek

Global Gene Therapy Market minvivo  m ex-vivo
Size, by Delivery method, 2022-2032 (USD Billion)
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Gen Tedavisi Market

2022 2029
Market Size in USS Billion

Regional Analysis in 2022 (%)

m North America
™ Europe

W Asia Pacific

“ Middle East &

Africa
® South America

Key Players
REGENXBIO, Inc. Gilead Lifesciences, Inc.
Bayer Benitec Biopharma Ltd.
Oxford BioMedica plc Sibiono GeneTech Co.,
Dimension Therapeutics, Ltd.
Bristol-Myers Squibb Shanghai Sunway Biotech
Company Co., Ltd
SANOFI Gensight Biologics S.A.
Applied Genetic Transgene
Technologies Corp Calimmune, Inc
F. Hoffmann-La Roche Epeius Biotechnologies

Indication Segment Overview
2029
2027

2024

2022
m Acute Lymphoblastic Leukemia (ALL)
u Inherited Retinal Disease
w Large B-cell Lymphoma
= ADA-SCID
= Melanoma (lesions)



Gen Tedavi Platformu

¢ Entegre olan vektorlerle gen eklenmesi
e Gen Editing (diizenleme)
e Genin duzeltilmesi
e Genin icinde (downstream of a promoter))
e Guvenli limanlarda
Teknoloji
e Zinc fingers nukleaz
e TALEN (transcription activator-like
effector nucleases)
e Crispr/Cas9 (RNA/protein)
e Gen bozulmasi
e Inhibitdr aktiviteye sahip gen eklenmesi (shRNA)



Gen Transfer Metodlari

|

~ Physical methods

|

{ y y 3
Chemical methods
S S G S s
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|

* Electroporation

* Thermal assisted gene transfer
* Biolistic

* Microinjection

* Laser assisted transfection
-Optoinjection

-Laser influenced stress waves
-Photochemical internalization
-Selective cell targeting via light
absorbing particles

+ Ultrasound assisted gene transfer
* Hydrodynamic gene transfer

* Magnetofection

* Mechanical massage

Calcium phosphate mediated
DEAE dextran mediated
Cationic lipid mediated
Liposomes
Polymers
Other nanoparticles
Gold
Silica
Carbon nanotubes
Water soluble fullerenes
Silicon nanowires
Quantum dots

* Transduction using viral vectors
-Adenoviruses

-Adeno associated viruses

- Retroviral and lentiviral

* Bactofection

* Virus like particles

* Erythrocyte ghosts

* Exosomes




Gen Tedavisi

Gene therapy using viral vectors

Parental viral genome Viral vector construct
i — = -
ITRs/ ransgene along with promoter ;oo
g’;i/ v ITRs/ tTRs ¥ This construct along with
LTRs the packaging plasmids

structure packaging cell lines
A

»

V 7>\ ’
Replication Virion Pathogenicity (Q' ',’. g ) are transferred in
\ J /' "4
\\_ ‘\ i
3

Virus containg the transgene are produced and
released in the supernatant which are either

administered directly or used to edit gene in ex L—"’J .
Packaging cell line

vivo therapy

Gene therapy using non-viral vectors

N\

The transgene or edites DNA

. . ; PR T The vector contaning the
(green) is cloned in plasmid (red) The nuclic acid (either DNA/RNA) . = . |
complex with the non-viral vector gene is administered directly



Gen Tedavisinde Viral Vektorler

Adenovirus Adeno-asso- Alphavirus Herpesvirus | Retrovirus Vaccinia
clated virus JLentivirus  virus
Genome asDNA  $SDNA ~ sSRNA (+) dsDNA SSRNA (+) dsDNA
g Capsid icosahedral Icosahedral icosahedral Icosahedral Iicosahedral Complex
Coat Naked Naked Enveioped Enveloped Enveloped Enveioped
Virion
g polymerase Negative Negative Negative Negative Positive Positive
2 Virion 170-200 X
g Sameter 70 - 90 nm 18- 26 nm 60-70nm 150-200nm 80- 130 nm 300 - 450nm
- f.:‘""’ 39-3BK0 5k 12 kb 120-200k0 3-9kb 130 - 280 Kb
1 e
(rore enpy M con .;# @ @
I
'§ Family Adenoviridae Parvoviridae Togaviridae  Herpesviridae Reboviridae Poxviridae
P
e Diviging and Dmding and Dividing Diviging and Dividing and
S :‘;ﬁ': ' non-dving  non-diving and non- noN-diving ?;’":.'"9 non-diving
g cells cells diving celis cells cells
S Host No No
n- Non- Non- n-
Q a nome Non- = integrati
o = S on NMEGrANg  integrating®  integratng  integrating ™ integratng
=3
- Transgene Potential long Potential
(7]
e ‘ expression Transient lasting Transient long fasting Long lasting Transient
m —_—
- £ Packaging
gz o capacity 75k 45 kb 75kb > 30 kb 8 kb 25 kb
é g Flgure 2. A comparison of different viral vectors in use for gene merapy: overview of their advantages and dlsadvantages. * Adeno-associated viruses
a = are able to integrate with low frequency into chromeosome 19. Lentiviruses also infect non-dividing celis. You can also download the original image in
ey 1} high resoiution as jpg or powerpoint fils.
H gt



DNA “Nano-Surgery”
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Gen Tedavisi Nasil Yapilir

in 0ivo ex vivo

Cells removed from

Therapeutic gene
| patient and cultured
o '
/ \ oy
// \| |/,\\ ~ r
/ 7 | ¢

Cells transfected with
N |" } therapeutlc gene

Therapeutic gene { l

e
e

Modified cells introduced
¥ Less invasive procedure

in the patient

|‘

|

|

.

'4 Directly tackle proliferative tumor cells J \ /i’\
S

to inhibit cell division

N
(_\_/ \

_ ¥ Selection of target cells
Depending on the vector Ve
A Require the targeting of tumor cells

Immunocompatibility (autologous cells)
A Requires an invasive procedure for solid tumors
A Non-proliferative altered tumor cells will not

outgrow over highly proliferative tumor cells

A Possible immune responses to gene vectors



In Vivo Gen Tedavisi

In vivo Gene Therapy

“M In vivo Gene Therapy with AAVs

Therapeunc genes are msereted

. For central nervous system

For eyes
+ Leber congenital « Alzheimer’s Disease
(2) amaurosisg + Parkinson’s Disease
£ « Age related macular + Canavan Disease
B degeneration (AMD) * Aromatic Amino Acid
o « Choroideremia Decarboxylase Deficiency
G . '.g « Achromatopsia — + Giant Axonal Neuropathy
eneticall @ - Retinitis Pigmentosa
altered DNA s g kedEinceas! Spinal muscular atrophy (SMA)
. . (3) %
msereted mto DNA is L
{ ! , . £ X
patients’ body incorporated g
: 0 /
o mockad LETE
direct tissue produced the | . Fabry disease
mnjection proteins » Mucopolysaccharidosis Type lll_~ For muscles
» Neuronal ceroid lipofuscinoses =« Duchenne muscular dystrophy (DMD)
encoded b}' ~* Linked myotubular myopathy (XMTM)
the mserted

genes



Gen Tedavisi

Viral transfection vector carriers

Adeno-associated Lentivirus
virus

Non-viral transfection vector carriers

O

Lipoplex Polyplex

Cancer Cell-Targeted Gene Therapy

O,

Therapeutic gene vector
selectively enters cancer cell

Translation
and protein
synthesis

O))—

‘ Toxins
® e

Apoptosis




NN Ex Vivo Gene Therapy

copies of therapeutic gene

Ex vivo gene therapy is performed with

/ the genetic alterations of patient's target

cells happening outside of the body in a

gmetge‘}ll;:?rlt)elg i ) ;irnglgtvzzus culture. Target cells from the patient are
from patient infected with a recombinant virus

‘ containing the desired therapeutic gene.

These modified cells are then
reintroduced into the patient's body,
where they produce the needed proteins
that correspond to the inserted gene.

(5)
Inside the body,

Q

culturcd cells
arc infected with
genetically-altered
virus

cells grown
in culture

(3)

the genetically

altered cells

produce the desired

patient's sample cells are proteins encoded

target cells are ooed by the therapeutic

now genetically y DNA
altered with

therapeutic gene




Gen Tedavisi
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gene-corrected
" lymphocytes
Ex vivo gene thel'apy CyC|e Immune suppression/depletion
(1) temcel (2) Prednfusion
collection conditioning
Patient I
treatment
e |
Viral particle with

Treatment O O
manufacturing O

Stem cells

therapeutic gene

% 9
——0°

Transduced stem cells

Transduced
stem cells infusion

@ Immune system

reconstitution

|

Follow-up
(2 years)

|

Extension study
(13 years)

Hematopoietic stem cells are
transduced with vector containing a
healthy copy of the gene causing

the disease

Diseases

Bone marrow
harvest or
stem cell
mobilization
in peripheral
blood

Immunodeficiencies
+Adenosine deaminase
severe combined
immunodeficiency
+X-Linked Severe
Combined
Immunodeficiency
*Wiskott Aldrich
Syndrome
*X-linked chronic
granulomatous disease

Hemoglobinopathies
*f thalassemia
+Sickle cell disease

+- Patient
Conditioning

Metabolic diseases
*Metachromatic
leukodystrophy
*Mucopolysaccharidosis
type 1
*Mucopolysaccharidosis
type 3
*X-Linked
Adrenoleukodystrophy




Gen Tedavisi Farklari

in Vivo ve Ex Vivo Gen Tedavisi

Ex vivo gen terapisi, hastanin
vicudunun disinda gergeklestirilen bir
tur gen terapisidir. Gen modifikasyonu
vicut disinda yapilir.

in vivo gen terapisi, kusurlu hiicreler hala
vicuttayken dogrudan yapilan baska bir
gen terapisi tlrtdur. Genler vicudun
icindeyken degistirilir.

|zolasyon ve Kiiltir

Defektif hiicreler izole edilemez ve Defektif hlicreler izole edilir ve
laboratuarda kultlire gerek yoktur. laboratuarda kultire edilir.

Seleksiyon ve Transformasyon

Stabil transformantlar yeniden

Stabil transformatlar segilemez.
yerlestiriimeden 6nce secilir.

Immunolojik Yanit

Bu yontem hastanin viicudunda
olumsuz immiuinolojik reaksiyonlara
neden olmaz.

Bu yontem hastanin viicudunda olumsuz
immunolojik reaksiyonlara sebep olabilir.



Gen Tedavisi Nasil Yapilir

in 0ivo ex vivo

Cells removed from

Therapeutic gene
| patient and cultured
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Cells transfected with
N |" } therapeutlc gene

Therapeutic gene { l

e
e

Modified cells introduced
¥ Less invasive procedure

in the patient
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'4 Directly tackle proliferative tumor cells J \ /i’\
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to inhibit cell division

N
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_ ¥ Selection of target cells
Depending on the vector Ve
A Require the targeting of tumor cells

Immunocompatibility (autologous cells)
A Requires an invasive procedure for solid tumors
A Non-proliferative altered tumor cells will not

outgrow over highly proliferative tumor cells

A Possible immune responses to gene vectors
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In vivo
gene transfer

CAR and TCR therapy:
ALL, CLL

Myeloma

Melanoma

Hemophil _
Metastatic cancer

EX vivo
gene transfer

DMD, SMA

HSC Therapy:
B-thalessemia
SCID-X1
ADA-SCID
WAS

MLD

A Gene modified CD8 T cell
@ Gene corrected CD34"HSCs

@ AAV vector carrying therapeutic gene

@ Retro/ lentiviral vector carrying therapeutic gene

Gen Tedavisi Monogenetik her hastaliga yapilabilir.



CAR T CELL TEDAVISI

CART cell

@ IN THE CLINIC :
The white blood cells, | Blood is
including T cells, are | taken
separated out, and fror.n the
the rest of the blood PAMEnt
is returned to the
patient.
o The receptors The CART cells identify the cancer

are attracted to

cells with the target antigens, and kill

T cells targets on the them. CART cells may remain in the
are sent - surface of the body for some time to help prevent
:o bthe . i > cancer cells. the cancer cells from returning.

a ﬁ,-__‘

& Blood NG IN THE CLINIC
: @ e CART cells are put back into the patient’s
e bloodstream, typically after chemotherapy is
/-\ S o given to make space, and continue to multiply.

~
@ IN THE LAB/MANUFACTURING FACILITY
T cells are engineered to find and kill cancer cells.

a4 P
£V
o
:

An inactive virus is
used to insert genes
into the T cells.

© Fran Milner 2017

The genes cause the T cells
to make special receptors,
called CARs, on their
surfaces.

Modified T cells (now called
CART cells) are multiplied
until there are millions of
these attacker cells.




CAR T CELL Tedavisi

T CELL CAR CART CELL
A key fighter in your A specific receptor is added The T cell with the CAR
immune system to the T cell added helps find and fight

specific targeted cells



CAR T CELL Tedavisi

Therapy type Year

CAR-T cell

NK/NKT cell

Novel T cell
technology

TAA/TSA-
targeted
Tcell

TCR T cell
TIL cell

Other cell
therapies

2021
2020
2019
/-2021 W W
2020173
2019149

~ 20211102
2020 {6
L2019
¢ 2021 4
2020
L 2019
2021 ISE
2020 -{ 85

h,164

2019 {58
- 2021 ngelopmgnt stage

2020 [ Marketed
2019 M Phase |l
72021 202 - Phase |

= M Phase |

2020 167 B Preclinical

2019 120 reclinica

T
300

- Y . y .
400 500 600 700 800

Number of active therapies

9 T T T T T
0 100 200 900 1,000 1,100 1,200

Nature Reviews
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CHIMERIC ANTIGEN OR (CAR)

CD19" tumor

<

g MHC-independent
CD19 antigen engagement
and induction of signalling




CAR T CELL Tedavisi Kimlere

GENERIC
NAME TARGETED DISEASE

Follicular Lymphoma, Diffuse Large B-cell

Kymriah" tisagenlecleucel Lymphoma, or Lymphoblastic Leukemia

Follicular Lymphoma or

Yescarta axicabtagene ciloleucel Diffuse Large B-cell Lymphoma

Mantle Cell Lymphoma or Acute

Tecartus brexucabtagene autoleucel Lymphoblastic Leukemia

Breyanzi® lisocabtagene maraleucel Large B-cell Lymphoma

. . Relapsed or Refractor
Abecma® idecabtagene vicleucel M[L)Jltiple Myeloma .

Relapsed or Refractory
Multiple Myeloma

Ca rvyktiom ciltacabtagene autoleucel




Akademik CAR T CELL Tedavisi

ARI-0001 cell B-ALL cell
Molecular Therapy { .

Original Article

CART19-BE-01: A Multicenter Trial &

A3B1

of ARI-0001 Cell Therapy in Patients gy
with CD19" Relapsed/Refractory Malignancies

Valentin Ortiz-Maldonado,' § Rives,>* Maria Castella,"* Anna A R
Migeel Cabllero-Batos, Tycho Baumann, oan cid- £nric Gari. 1 NE CAR-T ARI-0001 developed by the Hospital
Montserrat Torrebadell,>”'" Neus Villamor,*!"!? Eva Giné,"*'> Marii

Mercedes Montoro,' Albert Catala,* Anna Faura,? E. Azucena Gonzd CI in ic 0 b"'a i ns fh e P R l M E d es i g N a‘ti on fro m 1'h e

Nela Klein-Gonzalez,” Laia Alsina,'* Pedro Castro,*'*!” Iolanda Jorda
Guillermo Suii¢,"* Unai Perpini,"'* Josep M. Canals,"'* Miquel Loza1 Eu ro pe an M e d ici nes Ag en Cy
Sara Varea,”’ Joaquin Séez-Pefataro,' " Ferran Torres,**’ Gonzalo C
Alvaro Urbano-Ispizua,*'>?' Manel Juan,“*'*'>!* and Julio Delgado

B3 Fundacion Gloria Soler
Project ARI - Fundacio Gloria Soler
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Spinal Muscular Atrophy
Mutation in (S MA)

the SMN1 gene

Loss of motor neurons
in the anterior horns
of the spinal cord
prevents signalling

Deficiency i“_ between the brain
the SMN P"_)t?'“ and skeletal muscles
leads to splicing
defects in motor neurons Progressive muscle

weakness and atrophy



Gen Tedavisi Kimlere Yapilmali

N

—

The genetic root
cause of SMA the

missing or
improper
working of SMN1
Gene.

Zolgensma, the
gene therapy
approved for

children < 2 years
is given as one
time infusion into
the veins over 60
minutes.

vector

It is made up of
new working copy
of SMN gene
and is given
through a vector,
targeting the
motor neuron
cells in the body.

*zolgensma-

The new gene
delivered by the
vector on

reaching the
destination tells
the motor neuron
cells to make
SMN Protein

Zolgensma is not a cure and cannot reverse permanent damage already caused by SMA
before treatment. So it is important to start the medication as early as possible




Gen Tedavisi Kimlere Yapilmali

Te NEW ENGLAND JOURNAL o MEDICINE

Betibeglogene Autotemcel Gene Therapy for Non—8°/B° Genotype B-Thalassemia

- Q Beti-cel gene therapy

(after myeloablation with busulfan)
Adult and pediatric patients with o i ii!“‘“e"%
ult and pediatric patients wi \ N e

4 HSPCs
| Agmame

transfusion-dependent B-thalassemia Lentivirus o
and a non-°/B° genotype
Transfusion independence .

P 20 of 22 patients

(median follow-up, 29.5 mo)

Average hemoglobin level during
transfusion independence 11.7 gl dl (range, 9.5-12.8)

Median gene therapy—derived
adult hemoglobin level at 12 mo 8.7 gl dl (range, 5.2-10.6)

Beti-cel treatment resulted in transfusion independence in most patients.

F. Locatelli et al. 10.1056/NEJMo0a2113206 Copyright © 2022 Massachusetts Medical Society



HSC collection Busulfan .
. beti-cel IV
Mobilization myeloablative i .
ditioni infusion
(G-CSF + plerixafor) conditioning
and apheresis
_____ | i i
- ( {
= — —

*prod'llzeq 2y ufac ‘

salagt HSCs transduced with Cryopreserve,
BB305 lentiviral vector test, release
CD34+ cells
(encodes for BAT87Q- drug product

gIoBIn)

Transduced HSCs engraft
and reconstitute RBCs
which contain HbATé7Q

HbATE7Q
Qo

BT87Q




Gen Tedavisi Kimlere Yapilmali

Lyfgenia
for sickle cell disease

Lyfgenia (lovotibeglogene autotemcel) is an approved gene

Casgevy

for sickle cell disease

Casgevy (exagamglogene autotemcel) is an approved gene-

therapy for sickle cell disease that's intended to reduce the editing therapy for sickle cell disease that's intended to

frequency and severity of vaso-occlusive events.

Administration: Givenasa
stem cell transplant, viaa
single intravenous infusion,
after a round of
chemotherapy.

Side effects: May include
sores of the lips, mouth, and
throat (stomatitis), fever, and
low blood cell counts.

Indications: Approved for
SCD patients, ages 12 and
older, with a history of vaso-
occlusive events.

Contraindications: None, but
the label includes a boxed
warning for hematologic
malignancy.

reduce the frequency and severity of pain crises.

Administration: Givenasa
stem cell transplant, viaa
single intravenous infusion
after a round of
chemotherapy.

Side effects: May include
inflammation in the mouth
and gastrointestinal tract,
fever, low blood cell counts,
and decreased appetite.

Indications: Approved for
SCD patients, ages 12 and
older, who experience
recurrent vaso-occlusive
crises.

Contraindications: None, but
should not be given to patients
with active HIV, or hepatitis B
or C virus infections.




PIY Hastalarinda Gen Tedavileri

ADA-SCID

X-SCID

Artemis SCID

RAG1T SCID
RAGZ2 SCID

WAS
X-CGD

Autosomal recessive
CGD

LAD 1
IPEX
HLH

XIAP

XLP1

P AN
Reticular dysgenesis

ADaA
ADaA

IL2ZRG
ILZRG

IL2RG

DCLRE1C

DCLRE1C

RAGI

RAGZ2

WAS
CYBB

MNCF1

ITGB2
FOXP3
PRF1

PRF1
UNC1 3D
XIAP

SAP

SAP

BTK

A2

gRV
LV

SIN gRV
LV

LV
LV
LV
LV
LV

LV
v

LV

LV

LV in T cells
gRV in T cells
LV

LV

LV

LV

gRV in T cells
LV

LV

Commercial product in Europe [strimvelis)

Compassionate use [GOSH)/Human trial
(UCLA/NIH)

Human trial completed
Human trial GOSH/BCH,/UCL open

Human trial UCSF/St Jude/ Seattle /INIH
Suspended

Human trial LCSF
Open

Human ftrial Paris Necker hospital

Open
Human trial Open LUMC

Mice

Human trial completed

Human trial (UCLA and UCL/GOSH)
Open

Human trial at GOSH, starting soon at
NIH

Human trial (UCLA, HIUNI, GOSH) Open
Ongoing Human trial (Stanford)

Mice

Mice

Mice (Stanford)

Mice

Mice

Mice

Mice

In vitro

[14]
[79="]

[37]

[82,83]
NCTO3311503, NCTO3601286

NCTO1306019
NCTO1512888

[86="]
NCTO3 538899

NCTOS507 1222

NCTO4797 260
[125]

[126,127]

[manuscript in preparation)
[¢0,91,92"]

[26]
NCTO1855685
NCT02234934

NCTOS5207 657

NCTO3812263 [106]
NCT05241444 [110,111]
[128]

[129]

[130-133]

[134]

[135]

[136]

[137,138]

[139]

ADA-SCID, adencsine deaminase-deficient severe combined immunodeficiency (SCID); CGD, chronic granulomatous disease; fHLH, familial hemophagocytic
lymphohisticcytasis; gRY, gamma-retraviral; IPEX, immune dysregulation, polyendecrinopathy entercpathy Xlinked; LAD, leukocyte adhesion deficiency; LV,
lentiviral; RAG, recombination activating gene; WAS, Wiskott-Aldrich syndrome; XIAP, Xdinked inhibitor of apoptosis protein deficiency; XLA, Xlinked
agammaglobulinemia; XLP, X-linked lymphoproliferative disease; X-5CID, X-linked SCID.



PIY Hastalarinda Gen Tedavisi

Gene-Modified

GENE THERAPY Blood Cells Diseases

— Neutrophils CGD, LAD-1
— Monocytes (X-ALD, MLD, MPS)

b Collect HSPG

, Sl — Red Blood Cells  (Sickle Cell Thal
enrich CD34+ HSPC — Platelets WAS
Gene Modify .
{1y HSC SCID, WAS, HLH
\ ’ (Gene-modified)l— T Cells IPEX,’ X-HIM, X-LF;
2 Re-Infuse ¥ 3 B Cells
Intravenously SCID, WAS, ALA

—NK Cells SCID




SCID Hastalarinda Gen Tedavisi

vc deficiency
IL-7/IL-15 driven expansion

2000 : \RV-6T
2009 : SIN RV-G6T
2019 : SIN LV-6T

& 0O

progenitors

O-O - Q-
e ADA Artemis
deficiency deficiency

\ | deoxynucleotides supply | VDJ recombination I
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ADA SCID Gen Tedavisi

Strimvels, Pl
27 Mayis 2016 yilinda, a gRV vector ile SR’ 'gEt
EMA onayi ald1.

Tam uyumlu vericisi olmayan ADA SCID hastalarinda onayli
594 000 Euro, 2 yillik ERT fiyati

Ancak simdiye kadar bildirilen 1 hastada kanser (L6semi-2020)

gelisimi var
®Orchard

Diger SCID gruplarinda bu oran daha fazla
therapeutics

Ilk hastalarda 1. kusak gRV vektdr kullaniliyor
Simdi 3. kusak LV kullaniliyor
Yaklasik 50 hastaya SIN LV ADA SCID gen tedavisi yapiimis



'.) Check for upc

Regular Article

CLINICAL TRIALS AND OBSERVATIONS
Outcomes following treatment for ADA-deficient severe

combined immunodeficiency: a report from the PIDTC

Geoffrey D. E. Cuvelier,” Brent R. Logan,2 Susan E. Prockop,3 Rebecca H. Buckley,4 Caroline Y. Kuo,® Linda M. Griffith,® Xuerong Liu,?
Alison Yip,7 Michael S. Hershfield,* Paul G. Ayoub,8 Theodore B. Moore,” Morna J. Dorsey,7 Richard J. O'Reilly,10 Neena Kapc)or,11
Sung-Yun Pai,’? Malika Kapadia,13 Christen L. Ebens,' Lisa R. Forbes Satter,"® Lauri M. Burroughs,16 Aleksandra Petrovic,'®

Deepak Chellapandian,17 Jennifer Heimall,"® David C. Shyr,' Ahmad Rayes,*® Jeffrey J. Bednarski,?! Sharat Chandra,*?

~an n aa

Shanmuganathan Chandrak
Kenneth DeSantes,?’ Hesh:
Monica S. Thakar,'® Robert
Luigi D. Notarangelo,*® Mc

100% overall survival in adenosine deaminase deficient severe combined immune
deficiency patients after gene therapy. Contemporary hematopoietic stem cell
transplant approaches after the year 2000 and without an active infection resulted
in similar overall survival to gene therapy

GT
131 ADA SCID HaStaSI 1.0 ERT-GT 1.0 -
1982 ve 2017 arasinda | g 08+ o ERTHCT g 084 ol
56 HSCT 5. 04 et 2 064
31 ERT+HSCT 2 044 3 044
33 ERT+GT = 024 = 2
p=0.01 p=0.09
0.0 T T T T T 0.0 T T T T T
0 1 2 3 - 5 0 1 2 3 4 S
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Regular Article

GENE THERAPY

Long-term outcomes after gene therapy for adenosine
deaminase severe combined immune deficiency

Bryanna Reinhardt,'* Omar Habib,'* Kit L. Shaw,' Elizabeth Garabedian,? Denise A. Carbonaro-Sarracino,’ Dayna Terrazas,’
Beatriz Campo Fernandez,' Satiro De Oliveira,® Theodore B. Moore,® Alan K. lkeda,® Barbara C. Engel,4 Gregory M. Podsakoff,*
Roger P. Hollis,’ Augustine Fernandes,’ Connie Jackson,’ Sally Shupien,3 Suparna Mishra,’ Alejandra Davila,! Jack Mottahedeh,’
Andrej Vitomirov," Wenzhao I‘\/Ieng,5 Aaron M. Rosenfeld,®> Aoife M. Roche,® Pascha Hokama,® Shantan Reddy,6 John Everett,®
Xiaoyan Wang,7 Eline T. Luning Prak,” Kenneth Cornetta,® Michael S. Hershfield,” Robert Sokolic,’® Suk See De Ravin,'

Harry L. Malech,"" Frederic D. Bushman,® Fabio Candotti,'> and Donald B. Kohn'

10 ADA SCID Hastasi 15-20 ml/kg Harvest Vektor Copy Number
2009 ve 2012 arasinda CD34 immunoseleksiyonu ADA Enzim aktivitesi
Yas 3 ay-15 yas gRv ADA SCID Gen Transfer [ Deoxyadenosine

Takip 8-11 yil 4 giin kultar nucleotides duzeyi

9/10 TAM immdin Hastaya RIC hazirlama Normal immin
yapilanma rejimi yapilanma
-3 giin 90 m2 Busulfan Ciidi enf ve komp. yok
Urlin inflizyonu




OLGU SUNUMU

AK

2 Ayhk Kiz Hasta, ADA SCID

Genetik; Homozigot ADA c.736 C>T, p.Q246 mutasyonu
ERT ve IVIG replasman tedavisi, proflaktikleri baslandi

’ § |.R.C.C.S. Ospedale

N\ San Raffaele
27.10.2023 Kemik iligi Harvest F e
59.5 ml, 3.76x106 CD34 hiicre
Transduce ADA gen hazirlanmasi
-3. GUn Busulfan 0.5mg/kg/giin 6 saat inf
-2. Gun Busulfan 0.5mg/kg/giin 6 saat inf
01.12.2023 Strimvelis ile ADA SCID Gen Tedavisi
6x106 CD34 hticre, VCN 3, Canlilik %98
27 glin sonra ayaktan takip




OLGU SUNUMU

\ |.R.C.C.S. Ospedale
San Raffaele

Gruppo San Donato

Molecular analyses (02-03.01.24)
- Vector Copy Number (VCN) on BM: CD15 0.014, CD34 0.027, CD19 0.065, CD3 0.009, CD56 0.008 GLYA 0.029

- Vector Copy Number (VCN) on PB: CD15 0.007, CD19 0.011, CD3 undetectable, CD56 undetectable
- Purine metabolites on PB: AMP 160 nmol/mL, ADP 366 nmol/mL, ATP 1125 nmol/mL, dATP 9 nmol/mL, AXP
1650 nmol/mL, %dAXP 0.55%, ATP/ADP 3.08
- ADA activity on PB:
o in lymphopeytes: 439.83 pmol/h/ml packed cells
o in RBCs: 7.04 umol/h/ml packed cells

-Sweet Sendromu, Deltakortil

- Acyclovir 50 mg three times a day at 8.00, 15:00, 22:00

- Amoxicillin-clavulanic acid 165 mg (1.9 ml) three times a day at 8:00, 15:00, 22:00
- Fluconazol 50 mg (5 ml)/day

- Levofolene 4 mg 2 times a week (tuesday and wednesday)

-IgEV last on 21.12.23

- Pentacarinat aerosol 90 mg (last 02.01.24)
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X-SCID Gen Tedavisi

IL2RG gen T(-)
NK(-)
B disfonksiyone

Ik uygulamalarda gRV vektdr, hazirlama rejimi
olmadan kullanilmis, sonuc B yapilanma yetersiz.

Ik 20 hastanin 6 sinda T ALL gelisimi mevcut!!!
Sonraki uygulamalarda LV vektor ve disuk doz

Busulfan Hazirlama rejimi ile tam T ve B yapilanma
saglanmis
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‘- blOOd ISSUES ~ FIRSTEDITION  ABSTRACTS  COLLECTIONS -

801.GENE THERAPIES | NOVEMBER 15, 2022

Lentiviral Gene Therapy with Low Dose Conditioning for X-Linked SCID
Results in Complete Immune Reconstitution and No Evidence of Clonal
Expansion

Claire Booth, Donald B. Kohn, Myriam Armant, Susan Prockop, Karen Buckland, Sharat Chandra, Shanmuganathan Chandrakasan,
Kritika Chetty, Colleen Dansereau, Satiro de Oliveira, John Everett, Diego Ledn Rico, Wendy B. London, Jin Hua Xu-Bayford,
Theodore B. Moore, Nisha Nagarsheth, Suhag Parikh, Dayna Terrazas, Shanna L White, Axel Schambach, Frederic D. Bushman,
Adrian J. Thrasher, David A. Williams, Sung-Yun Pai

'.) Check for updates

Blood (2022) 140 (Supplement 1): 7770-7771.

https://doi.org/10.1182/blood-2022-159979

Temmuz 2022 kadar

LV vektor ve Dusuk doz Busulfan Hazirlama rejimi ile Gen
tedavisi

7 hasta medyan 2.2 yil takip
%100 survival

Komplet T ve B yapilanma
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Author manuscript
N Engl J Med. Author manuscript; available in PMC 2023 January 29.

= HHS Public Access
&

Published in final edited form as:
N Engl J Med. 2022 December 22; 387(25): 2344-2355. do1:10.1056/NEJMo0a2206575.

Lentiviral Gene Therapy for Artemis-Deficient SCID

Morton J. Cowan, M.D.,
Jason Yu, Ph.D,,
Janelle Facchino, P.N.P.,

LV vektor ve Distk doz Busulfan Hazirlama rejimi ile
DCLRE1C Gen tedavisi
10 hasta medyan 3.1 yil takip

%100 survival

9/10 Komplet T yapilanma, 2. uygulama sonrasi %100
Busulfan dozu %25 (HSCT hazirlama rejimine gore)
Artemis DNA kiriklariile giden bir durum
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EDITORIAL | VOLUME 151, ISSUE 5, P1255-1256, MAY 2023

Gene therapy for SCID, now up to 3!

Alain Fischer, MD, PhD A e Bénédicte Neven, MD, PhD

Published: February 22, 2023 ¢ DOI: https://doi.org/10.1016/}.jaci.2023.02.015
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RAG1-SCID Gen Tedavisi, UP TO 4

RECRUITMENT PROCESS

r 4 \

GENE THERAPY FOR RAG1-SCID
[RECOMB CONSORTIUM)

®)C Recomb

gene therapy

RECOMB consortium

RECOMB is a research consortium started in 2018, which

brings together clinical and research professionals from
16 European and 1 Israeli institute with experience in the
management of primary immunodeficiencies (PID) or in-
born errors of immunity (IEl), such as severe combined
immunodeficiency (SCID).

The project received funding from the European Union’'s
Horizon 2020 programme.

OPEN

\ CLINICAL

TRIAL ’

-

PHASE /Il

RECOMB clinical trial

The infant with RAG1-SCID will be admitted to the gene
therapy unit of the Vall d’Hebron Barcelona Hospital Cam-
pus to receive his treatment, thus avoiding travelling abroad.

The study consists of the infusion of autologous CD34+ cells
transduced with the RAG1 lentivirus in patients with SCID
due to RAG1 deficiency. The study has already enrolled two
patients with satisfactory follow-up of up to two years.
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(AVRUPA BIRLIiGI, HORIZON 2020 - Tarih : 12-11-2021)

Protokol ID
Kisa Adi

EudraCT number

Version

Tarih

Koordinatér Aragtirici/ Proje Lideri

Sorumlu Arastirmacilar (Hollanda):

Multicenter Arastirmacilar

RAG1-2019-01
RAG1 GEN TEDAVISI

2019-002343-14
9.0

17-02-2023

Dr. D. Berghuis

Prof. Dr. F.J.T. Staal,
Prof. Dr. A.C. Lankester

Turkiye (1),

Prof Dr Musa Karaklikcii, Erciyes
Universitesi TIP Fakiiltesi Pediatrik,
Hemtoloji Onkoloji BD Erciyes Pediatrik
Kemik iligi Nakli Merkezi, Kayseri.



RAG1-SCID Gen Tedavisi, UP TO 4

ingiltere
Prof. Dr. C. Booth (Great Ormond Street Hospital/University College London)
Prof. Dr. A. Gennery (Newcastle University Great North Children's Hospital)
Almanya
Prof. Dr. M. Albert (Dr. von Hauner Children’s Hospital, LMU)
Prof. Dr. A. Schulz (Universitaet Ulm, Department of Pediatrics, Ulm)
italya
Prof. Dr. F. Locatelli (Bambino Gesu Children's Hospital, Roma)
ispanya
Dr. P. Soler Palacin (University Hospital Foundation Vall d'Hebron, Barcelona),
Polonya
Prof. Dr. K. Kalwak (Wroclaw Medical University)
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Prof. Dr. R. Somech (Sheba Medical Center, Tel Aviv)
Tirkiye
Prof. Dr. M. Karakiikcii (Erciyes University, KANKA Pediatric BMT Center, Kayseri)
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Prof. Dr. Theresa Cole (The Royal Children’s Hospital, Melbourne)



AIM

To offer a new therapeutic option based on gene therapy to newborns and infants with one of the most common forms of SCID:
RAG-1 deficiency

CRITERIA

INCLUSION EXCLUSION

Genetically confirmed RAG1- SCID HLA-matched donor available

Age below 2 years Peripheral T cells >300/uL and/or naive T cells > 1/uL
No HLA-matched donor available Omenn Syndrome

Peripheral T cells <300/uL and/or naive T cells < 1/uL Previous stem cell transplantation

No Omenn Syndrome Significant organ dysfunction

CONTACT

MiRIAM GONZALEZ AMORES

miriam.gonzalezamores@yvallhebron.cat
Q® 667935677
http://www.recomb.eu/




Yeni Tedavi: Gen Tedavisi

1. Kik Hiicreler Hastadan Kendi
Ulkesinde Toplanacak

6. Kik Hicreler basanh bir
sekilde bilydilkten sonra /(‘ ’{
hastanin RAG1-5CID hastahig 7
dizelecek .,;3' _Q;—
2. Kok Hicreler
Leiden a
gonderilecek

5. Kidk Hiicreler bz b

=
Hastaya inflzyonla “""T
verilecek 7

_ 3. Kok Hucreler Genetik
. "*-h o!arakduzelhle:ek

< 4

Fludara 160 mg/kg total \

4. Saghkl Kok Hicreler
gerl gonderilecek

Gk SIN-LV RAG1 Vektor



@; Wiskott—Aldrich Sendromu Gen Tedavisi

WAS geni
Ilk uygulamalarda gRV vektér kullaniimis,

Sonug; immin yapilanma yeterli ancak 7/9 hastada
mutagenezis, onkogenezis gelismis !!!

Sonraki uygulamalarda LV vektor ve dustk doz

Busulfan Hazirlama rejimi ile tam T ve B yapilanma
saglanmis



ARTICLES

me Cme https://doi.org/10.1038/s41591-021-01641-x

'.} Check for updates

Long-term safety and efficacy of lentiviral
hematopoietic stem/progenitor cell gene therapy
for Wiskott-Aldrich syndrome

A. Magnani'%31, M. Semeraro®*3!, F. Adam®?4, C. Booth>¢, L. Dupré’®®, E. C. Morris ©'°", A, Gabrion'?,
C. Roudaut'?, D. Borgel*'?, A. Toubert®4 E. Clave®, C. Abdo™'¢, G. Gorochov'"8, R. Petermann'®,
M. Guiot!, M. Miyara'®, D. Moshous?°2!, E. Magrin'?, A. Denis?, F. Suarez?'?, C. Lagresle®?2,

A. M. Roche?4, J. Everett?4, A. Trinquand™'¢, M. Guisset’, J. Xu Bayford®, S. Hacein-Bey-Abina?>2¢,

A. Kauskot®#4, R. Elfeky®, C. Rivat®, S. Abbas?, H. B. Gaspar®, E. Macintyre ®'6, C. Picard?"?8,

LV vektor WAS Gen Tedavisi + RIC (BU FLU) Hazirlama Rejimi

8 hasta median 7.6 yillik takip
Gilivenilirlik; Ciddi yan etki yok, I6semi gelisimi yok.

Etkinlik; Ciddi enfeksiyonlar ve egzama dizelmis, Otoimmin
hastaliklar azalmis, trombosit sayisinda parsiyel dizelme olmasina
ragmen, kanama ataklari 6nemli 6lciide azalmis

Nature Medicine | VOL 28 | January 2022 | 71-80



Kronik Graniilomatozis Hastalik (CGD)

X Linked CGD geni CYBB
Otozomal Resesif CGD geni NCF1

30 yil 6nce Ik uygulamalarda gRV vektor kullaniimis,
Sonug; Notrofil fonksiyonlari dizelmis ama hastalarda MDS

gelismis

Sonraki uygulamalarda LV vektor ile mutagenezis yok ancak 2
calismada noétrofil engraftmanindan bir ay sonra notrofil
duzeltilmis notrofilsayisi dismeye baslamis, bu konuda yeni
calismalar gerekli

Otozomal resesif CGD icin fare ¢calismalari sonrasi GOS ta yeni
calisma baslatild



Europe PMC Funders Group

Author Manuscript
Nat Med. Author manuscript; available in PMC 2020 August 01.

Published in final edited form as:
Nat Med. 2020 February 01; 26(2): 200-206. do1:10.1038/s41591-019-0735-5.

Lentiviral gene therapy for X-linked chronic granulomatous
disease

Donald B. Kohn'", Claire Booth?, Elizabeth M. Kang®, Sung-Yun Pai?, Kit L. Shaw', Giorgia
Santilli, Myriam Armant?, Karen F. Buckland?2, Uimook Choi3, Suk See De Ravin3, Morna
J. Dorsey®, Caroline Y. Kuo', Diego Leon-Rico?, Christine Rivat?, Natalia IzotovaZ, Kimberly

LV vektor X linked CGD Gen Tedavisi + MAC Hazirlama Rejimi
9 hasta median 1 yillik takip,

Gulvenilirlik; I6semi gelisimi yok. 2 hasta Ex, 1 hastada VCN kaybi
Etkinlik; & hastada Ciddi enfeksiyonlar diizelmis, Antibiyotik
kesilmis, fayda gormusler
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@> Lokosit Adezyon Defekti (LAD-1) Gen Tedavisi

LAD-1 geni ITGB2

Ilk uygulamalarda gRV vektor kullaniimis,
Sonug; Basarisiz, hucreler duzeltilememis ve calismalar
erkenden kapatiimis.

Lentiviral-Mediated Ex-Vivo Gene Therapy for Pediatric Patients
with Severe Leukocyte Adhesion Deficiency-l1 (LAD-I): Interim
Results from an ongoing Phase 1/2 Study

Donald B. Kohn, MD, Professor. - =

Departments ‘of Microbiology,: Immunology & Molecular Genetlcs
- Pediatrics, and Molecular & Medical Pharmacology
Umversnty of Callforma Los Angeles
'C Booth, MBBS, PhD J5evn|la MD PhD GR RaQ MD 1D MChltty ‘Lopez, MD EAImarza PhD DTerrazas RN JZublcafay MD, PhD MGonzaIez Vlcent MD PhD

: KChetty MBBS GOTooIe JXu Bayford ENlcoiettl MD;"A Fernandes, PhD; C Kuo, MD;’ SdeOIlvelra MD; TB Moore, MD; GCho| BS; M Zeini,'PhD; CMesa A
7 30 2 2 Nunez PhD AJ Thrasher MBBS; PhD JBueren PhD JD Schwartz, MD" 3 b7t

64th Annua] Meettng -of the Amerlcan Soaety of Hematology (ASH)
: : December 10- 13,2022

; _‘ Abs,tract#3460>,



Sonuc¢ Olarak;

Gen tedavisi calismalari bas donduricd,
Game Changer, Life Changer Uygulamalar
Viral Vektor ve Gen editing gelismeleri

Hazirlama rejimleri, destek tedavileri ve immiun
vapilanmada gelismeler ile cok daha iyi olacaklar
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