. O LI . y T - a B
"G Nazionale S]
di Aggiornamento




B-THALASSEMIA AND 3-GLOBIN GENE MUTATIONS

Geographical distribution of thalassemia syndromes

Human B-globin and location of classes of
point mutations causing B-thalassemia.
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Possible treatments:

»Red Blood Cell Transfusion

»Bone Marrow or Cord Blood
Transplantation

Adopted from Orkin S.H. and Nathan D.G. The Thalassemias, »Engineered stem cells
in: Hematology of Infancy and Childhood, 1998.
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TREATMENT OPTIONS FOR THALASSEMIC SUBJECTS

B Thalassemia
Major
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Patient candidates for gene therapy
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GENE THERAPY FOR 3-THALASSEMIA

rnsauction
BM or Apheresis as

CD34+ HSCs
source of HSCs
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Requirements for globin vector expression

* Lineage-restricted, erythroid-specific
* Differentiation stage-specific

— therapeutic (anemia)
— safe (1-2 vector copies per cell)

 Elevated

* Position-independent (copy humber-dependent)

* Sustained over time
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Lentiviruses and integration
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GLOBIN LENTIVIRAL VECTORS DEVELOPED FOR
GENE THERAPY OF 3-THALASSEMIA
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Il vettore lentivirale TNS9ha curato I’'anemia nel
modello di topo talassemico

B-globin gene Locus Control Region

p HS2 HS3 HS4 3LTR

840bp 1308bp 1069 bp

C57BL6Hbb™ 3+

* long-term expression
* peripheral selective advantage

* correction of anemia

* prevention of secondary organ damage
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THE GLOBIN LENTIVIRAL VECTORS [3'¢7Q
ENTERED IN THE FRENCH CLINICAL TRIAL
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nature Vol 46716 September 2010| doi:10.1038/nature09328

LETTERS

Transfusion independence and HMGAZ2 activation
after gene therapy of human f-thalassaemia

Marina Cavazzana-Calvo'**, Emmanuel Payen™***, Olivier Negre">®, Gary Wang’, Kathleen Hehir®,

Floriane Fusil®*®, Julian Down®, Maria Denaro®, Troy Bradyy, Karen Westerman®’, Resy Cavallesco’,

Beatrix Gillet-Legrands, Laure Caccavelli'?, Riccardo Sgarram, Leila Maouche-Chrétien™?, Francoise Bernaudin'!,
Robert Girot'?, Ronald Dorazio®, Geert-Jan Mulder®, Axel Polack®, Arthur Bank'?, Jean Soulier®, Jéréme Larghero”,
Nabil Kabbara®, Bruno Dalle®, Bernard Gourmel®, Gérard Socie®, Stany Chrétien®*®, Nathalie Cartier',

Patrick Aubourg'?, Alain Fischer'?, Kenneth Cornetta'®, Frédéric Galacteros'®, Yves Beuzard™*”, Eliane Gluckman’,
Frederick Bushman’, Salima Hacein-Bey-Abina'** & Philippe Leboulch™*%*
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GENOME-WIDE INTEGRATION SITE (IS) DISTRIBUTION
STUDIES: CLONAL DOMINANCE OF HMGA2*
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FACTORS INFLUENCING THE OUTCOME OF A
GENE TRANSFER TRIAL FOR THE HEMOGLOBIN
DISORDERS

Vector design
to improve HSC source
expression of
B- globin gene
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CHROMATIN INSULATORS AND HOW THEY FUNCTION IN
EUKARYOTIC CELLS

"barrier’ "enhancer-blocking”
insulator insulator
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THE INCLUSION OF CHROMATIN INSULATORS IN RECOMBINANT VECTORS
SHOULD IMPROVE BOTH EFFICACY AND SAFETY OF GENE THERAPY

blocking enhancer activity

barrier activity
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SNS-5 INSULATING TNS9.3 VECTOR

-Globin gene Locus Control Region
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IN VIVO EXPERIMENTAL PLAN

LN

6 weeks 14 weeks 40 weeks
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SNS5 INCREASES THE EXPRESSION OF THE
TRANSGENE IN LONG TERM MOUSE
CHIMERAS

6 weeks after BMT 14 weeks after BMT 40 weeks after BMT
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SnS-5 reduces variability of 3-globin gene expression
in single copy vector spleen colonies

< Lethal irradiation

Expression in CFU-S exp2-3-4

\L 2.5+ *kk
P < 0.0001
/-‘)\ Inject transduced i
(’A @ lin- cells from 28 oo e
S primary mice 1 5 P=0.0039

human beta globin
expression/vector copy
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HSC source

Siringrazia per il sostegno alla Ricerca

Fondazione

SANTINA ACUTO FrancocPieraCutino
“AGGIORNAMENTO SULLA TERAPIA GENICA DELLE SINDROMI TALASSEMICHE" TALASEERAYE A

di Oncologia ed Ematologia

OSPEDALI RIUNITI VILLA SOFIA - CERVELLO  pALErMo

.
-
K
)




A PILOT TRIAL TO ASSESS THE FEASIBILITY AND SAFETY OF G-
CSF MOBILIZATION OF CD34+ HEMATOPOIETIC PROGENITOR
CELLS IN PATIENTS WITH BETA-THALASSEMIA MAJOR

(NTC000658385 SU CLINICALTRIALS.GOV)

* Preliminary protocol involving Mobilization of CD34+ hematopoietic progenitor cells and ex-vivo
processing with the TNS9.3 lentiviral vector without reinfusion of transduced cells.

* Objectives:

— To investigate the feasibility and safety of peripheral blood hematopoietic progenitor cell (HPC)
mobilization with G-CSF in patients with B- thalassemia major

— To determine the yield of CD34+ HPCs mobilized

— To determine the ability of the collected HPCs to be transduced with a lentiviral vector encoding
the normal B-globin gene
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SUCCESFUL G-CSF MOBILIZATION IN FIVE PATIENTS

WITH THALASSEMIA MAJOR
LI =@« -] = | &

Pt #1 %CD34+ 0.2% NA
Total CD34+ 3.03 x 10° 4.95 x 106
%CD34+ 0.2% 0.1%
Total CD34+ 6.4 x 10° 5.6 x 106
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A PHASE IIB MULTICENTER RANDOMIZED CLINICAL TRIAL
TO EVALUATE PERIPHERAL MOBILIZATION OF CD34+
HEMATOPOIETIC PROGENITOR CELLS IN PATIENTS WITH
BETA-THALASSEMIA MAJOR

(Ospedali Riuniti Villa Sofia-Cervello)

OBIJECTIVES:

» TO EVALUATE MOBILIZATION AND COMPARING THREE DIFFERENT
PROTOCOLS:

STEMNESS TO BE TRANSDUCED
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Pathways of stem cell mobilization

blood vessel e————
- G-CSF ®_

Gro-b
bone marrow o

stromal cell

osteoblast

(@) Baseline conditons: @) with G-CsF: (@) with AMD3100 and G-CSF:
-VCAM/VLA-4, SDF-1/CXCR4 - Degraded VCAM/YLA-4, - Inhibited SDF-1/CXCR4 binding
interactions SDF-1/CXCR4 retention signals - Rapid stem cell mobilizaticn
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Mobilization of HSGC;

Mechanisms

GCSF induces the breaking of the link between
CXCR4 of HSC and VLA4 ckit in the niche cells

Stromal cells

Extracellular matrix proteins and soluble cytokines
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PLERIXAFOR Mobilization

Blood
o o o o o o

MObiIize , Vascular Endothelial Cell Layer
g Plerixafor binds to CXCR4 on HSC
" and inhibits the bind to SDF-1a

CD34* HSC
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Programma

-G-CSF: 1,6 ml s.c. dal giorno +1 al giorno +4

- PLERIXAFOR: 0,5 ml s.c. la sera del giorno +4 ed, eventualmente, la sera del
giorno +5
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D.V.

WBC 6.600/mme PLT 294.000/mmec

Giorno +1 (17/09/11) Hb 115 gdL CD34+ 0.05% (4 x 10E6/L)
WBC 25.000/mme PLT 260.000/mmec

Giorno +2 (18/09/11) Hb 10.9 g/dL. CD34+ 0.03% (7.7 x 10E6/L,)
WBC 32.100/mme PLT 262.000/mmc

Giorno +3 (19/09/11) Hb 10.7 g/dL, CD34+ 0.03% (10 x 10E6/L)
WBC 30.000/mmc PLT 279.000/mmc
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+1 +2 +3 +4 +5 +6
D.V. CD34+/L 4x 10 77x10° | 10x10° | 48x 10° 361 x 10° 80 x 10°
CD34% 0.05 0.03 0.03 0.16 0.6 0.5
WBC/mmc 6600 25000 32100 30000 60300 19000
GCSF/PLERIXAFOR GCSF GCSF GCSF GCSF GCSF +
PLERIXAFOR
4° day 5° day
[CD34] [CD34]
- |
CD133 I +‘ CD133 I l

CcD38 - + - - CcD38 - + - +

Number %Total %Gated Number %Total %Gated

93 0,13 100,00 877 0,53 100,00

CD133-CD38- 31 0,04 33,33 CD133-CD38- 35 0,02 3,99

CD133-CD38+ 21 0,03 22,58 CD133-CD38+ 0,04 6,84
CD133+CD38- 200 0,03 21,5 CD133+CD38- 0,27
CD133+CD38+ 21 0,03 22,58 CD133+CD38+ 0,20
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+1 +2 +3 +4 +5 +6
CD34+/L 6x105 | 6x10° | 6x10° | 22x 10 92 x 106 _
F. S. CD34% 0.1 0.01 0.001 0.004 0.1 -
WBC/mmc 12800 | 60200 | 56000 | 55800 92200 -
GCSF/PLERIXAFOR | GCSF | % GCSF | % GCSF | 4 GCSF | % GCSF +
PLERIXAFOR

5° day

[sangue 3gg]

4° day

[sangue 4 gg]

AU [

Number %Total S:Gated Gate Number %Total %Gated

435 0,04 100,00 All 1.279 0,13 100,00

CD133-CD38- 44 0,00 10,11 CD133-CD38- 65 0,001 508
CD133-CD38+ 172 0,02 39,54 CD133-CD38+ 295 0,03 23,06
CD133+CD38- 61 0,01 14,02 CD133+CD38- 301 0,03 23,53
CD133+CD38+ 158 0,01 36,32 CD133+CD38+ 618 0,06 48,32
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HPLC ANALYSIS: ADULT HEMOGLOBIN PRODUCTION IN
TNS9.3 LV-VECTOR TRANSDUCED ERYTHROID CELLS
FROM [3°/3° THALASSEMIA PATIENT

2

Untrasduced cells

vl
Prof. Aurelio Maggio — Direttore U.O.C. Ematologia Il
s “GENE THERAPY FOR BETA-THALASSEMIA: STATE OF THE ART AND CHALLENGES IN HUMAN TRIALS “
T L

U.0.C Ematologiall _A. 0. “Villa Sofia Cervello”




CORRECTION OF INEFFECTIVE
ERYTHROPOIESIS

|:| proeritroblasto

Cell population at day 15 of erythroid colture in
transduced and non transduced cells from
thalassemia patient and from normal control

. 80 . .
.. B basofilo o Normal ___ Thalassemia patient

70 ¥

= %pro
H %baso

%poly
W %ortho

LV-GFP  TNS9.3 LV-GFP TNS9.3
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IN LABORATORIO

Le cellule raccolte saranno valutate per:
1) il numero assoluto e percentuale di cellule CD34+ e di linfociti T CD34+;

2) il grado di staminalita/differenziamento cellulare mediante pannelli di anticorpi
monoclonali caratteristici di HSC o progenitori; (33 DR 45 34 38)

3) il grado di staminalita/differenziamento cellulare mediante saggi clonogenici in vitro a breve
(colonie in methilcellulose)

V-6 CFU-M CFU-GM BFU-E




HSC source
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CELLULE STAMINALI EMATOPOIETICHE DA SANGUE DI
CORDONE OMBELICALE

v’ perché facilmente reperibili

v perché hanno un piu alto potenziale clonogenico
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EXPANSION PROFILES OF HEMATOPOIETIC STEM
CELLS FROM UMBILICAL CORD BLOOD

CB#5 Analisidi 11 campioni di CB
8 14
[l " o 12
(%]
= 4 2.9E o ——Cellstat 2,
[¥N)
2 3.4E | // | e CD3s | 'E 5 D34+
Q _.\\.
2 2 ~ 63,3% 62 20/ E 91,4255 % WCELLTOT
99% ¥ T 50,6% z 4 |
0 85”4% T T 2 \L
0 4 6 8 10 o
DAYS 0 4 8 10

Giorni
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CORD BLOOD HSC EX VIVO EXPANTION SHOWS
MAIN STAMINAL FINDINGS OF CD34+ CELLS

CD34+ sub-populations after 4 days

Cord Blood CD34+ sub-populations EX-vivo expansion

[CD34] [CD34]

CD133 - + CD133 -
|

CD38 = + = +I' CD38

Number %Total %Gated Number %Total %Gated

0,63 100,00 1.499 33,96 100,00

CD133-CD38- 0,34 54,59 CD133-CD38- 416 9,42 27,75
CD133-CD38+ 0,02 3,86 CD133-CD38+ 2 0,05 0,13
CD133+CD38- 0,26 41,55 CD133+CD38- 1.078 24,42 71,91
CD133+CD38+ 0,00 0,00 CD133+CD38+ 3 0,07 0,20
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HSCS IN CULTURE SHOW A CELL SURFACE ANTIGEN EXPRESSION
PATTERN CHARACTERISTIC OF PRIMITIVE HEMATOPOIETIC CELLS
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THE FREQUENCY OF DIFFERENT PROGENITOR CELLS
WAS MAINTAINED DURING ONE WEEK OF CULTURE

CFU-GEMM CFU-G

Colonie Giorno 0 | Giorno4 | Giorno 8
BFU-E 24 +53% 26+ 4,7% 24 +3,8%
CFU-GM 24 +3,4% 19+ 1,4% 20 + 2,8%
CFU-GEMM 4+ 1,7% 3+ 1,4% 3£1,5%
CFU-M 27 +6,3% 31+ 5,2% 37 + 3,5%
21+ 5% 20+7% 17 £ 6,3%
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Vector design to Ex-vivo transduction

improve efficacy diti
and safety conditions

HSC source

Influence the efficacy and
safety of gene therapy
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SUCCESSFUL GENE THERAPY REQUIRES EQUILIBRIUM
BETWEEN NUMBER OF GENETICALLY CORRECTED
CELLS AND NUMBER OF VECTORS PER CELL

ixs SANTINA ACUTO
‘r “AGGIORNAMENTO SULLA TERAPIA GENICA DELLE SINDROMI TALASSEMICHE"




FACTORS INFLUENCING THE TRANS-INFECTION
EFFICIENCY

 Number of vector particles/cell (MOI, molteplicity of infection)

* Number of virus-specific receptors on cell membrane
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EXPANDED HSCS ARE MORE LIKELY TO BE TRANSDUCED BY
LV-VECTORS AND RESULTS IN A BETTER DISTRIBUTION OF
VECTOR COPY NUMBER PER CELL
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ADVANTAGES OF HEMATOPOIETIC STEM CELLS (HSC)
EX VIVO EXPANSION AND TRANSDUCTION

Prepublished online Jan 19, 2011;
doi:10.1182/blood-2010-08-303222

Polyclonal fluctuation of lentiviral vector-transduced and expanded murine
hematopoietic stem cells

Tobias Maetzig, Martijn H Brugman, Stefan Bartels, Niels Heinz, Olga S Kustikova, Ute Modlich, Zhixiong
Li, Melanie Galla, Bernhard Schiedimeier, Axel Schambach and Christopher Baum
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What is new on the gene thera
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Tranduction with lentiviral
vector — random integration Addition of a corrected form of

(high efficiency) the human beta glonin gene
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Patient

Siringrazia per il sostegno alla Ricerca

Fondazione

SANTINA ACUTO FrancocPieraCutino
Digartinicnito “AGGIORNAMENTO SULLA TERAPIA GENICA DELLE SINDROMI TALASSEMICHE" Tal ARG AN«

AZIENDA OSPEDALIERA
OSPEDALI RIUNITI VILLA SOFIA - CERVELLO  paLeRuo

di Oncologia ed Ematologia




INDUCED PLURIPOTENT STEM CELLS (iPS)

nature Vol 44819 July 2007 doi:10.1038/ nature 05944

ARTICLES

In vitro reprogramming of fibroblasts into a
pluripotent ES-cell-like state

Marius Wernig'*, Alexander Meissner'*, Ruth Foreman'~*, Tobias Brambrink'*, Manching Ku™,
Konrad Hochedlinger't, Bradley E. Bernstein®** & Rudolf Jaenisch'”

4F2A:85kb ™
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TREATMENT OF SICKLE CELL ANEMIA MOUSE MODEL WITH
IPS CELLS GENERATED FROM AUTOLOGOUS SKIN

Maouse with

sickle cell anemia
TP -

ronts Transplant
- N

-

Collect skin cells Q
Differentiate ir;;.::?I Q Q
DD

blood stem cells

/ )\

(o)1) = = 2
. ) . Geneﬂcﬁy
s A/ Recovered mouse corrected iPS cells

= 1 Oct4, Sox2

Kif4, e-Myc
Reprogram Viruses
into ES like-
iP5 cells

Genetically identical

iPS cells
Bhustraticn by Tom DiCesase

Siringrazia per il sostegno alla Ricerca

Fondazione
FrancocPieraCutino
Cuarire dalla q
TALASSEMIA .

SANTINA ACUTO
“AGGIORNAMENTO SULLA TERAPIA GENICA DELLE SINDROMI TALASSEMICHE"

AZIENDA OSPEDALIERA
OSPEDALIRIUNIT VLA SOFI- CERVELLO _ snuo [




GENOMIC SAFE HARBORS PERMIT HIGH B-GLOBIN
TRANSGENE EXPRESSION IN THALASSEMIA
INDUCED PLURIPOTENT STEM CELLS
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PATIENTS ENROLLMENT
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