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Gene Therapy

* Gene therapy is an experimental technique that uses genes to treat or prevent a
disease. Approaches include:

* Replacing a mutated gene that causes disease with a healthy copy of the gene.
* Inactivating, or “knocking out,” a mutated gene that is functioning improperly.

* Introducing a new gene into the body to help fight a disease.

First LV gene therapy product
Modified from Keeler et al. Gene Therapy 2017 Licensed in Europe (Strimvelis)
[

First human gene therapy product
Licensed in Europe (AAV1-LPL, Glybera)

| |

Gene therapy for GBN1 RNA-guided DNA editing by CRISPR/Cas9
I | |

Discovery of RNAi | Clinical efficacy of AAV8-FIX in hemophilia

First human gtx with AAV2: CF trial Clinical efficacy of AAV2-rpe65 in retina

First human gtx with AdS: CF trial l Alternative AAV serotype in clinic (AAV1): AAT and LPL l

First human gene therapy: RV for SCID-ADA Discovery of wide diversity of AAV serotypes |

] l | Serious complication in X-SCID trial

First human gene marking trial: RV in TIL [ Serious complication in Ad-OTC trial

1989 2000 2010 2017



Indications Addressed by Gene Therapy Clinical Trials

The Journal of Gene Medicine, © 2017 John Wiley and Sens Lid

Gene Therapy Clinical Trials Worldwide

@

WILEY

Cancer diseases 65% (n=1688)
Menogenic diseases 11.1% (n=287)
Infectious diseases 7% (n=182)
Cardiovascular diseases 6.9% (n=180)
Neurological diseases 1.8% (n=47)
Ocular diseases 1.3% (n=34)
Inflammatory diseases 0.6% (n=15)
Other diseases 2.2% (n=58)

Gene marking 1.9% (n=50)

@ Healthy volunteers 2.2% (n=56)

wwrw.wiley.co.uk/genmed,/ clinical

Gene Types Transferred in Gene Therapy Clinical Trials

The Journal of Gene Medicine, © 2017 John Wiley and Sons Lid

Vectors Used in Gene Therapy Clinical Trials

The Journal of Gene Medicine, © 2017 John Wilay and Sens Lid
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@

WILEY

Adenovirus 20.5% (n=547)
@ Retrovirus 17.9% (n=478)
@ Naked/Plasmid DNA 16.6% [n=442)
@ Adeno-associated virus 7.6% (n=204)
@ Lentivirus 7.3% (n=194)
@ Vaccinia virus 6.6% (n=175)
® Llipofection 4.4% (n=117)
@ Poxvirus 4% (n=107)
@ Herpes simplex virus 3.5% (n=93)
@ Other vectors 8.4% (n=223)
@ Unknown 3.3% (n=88)

www.wiley.co.uk/genmed, clinical

@

WILEY

Antigen 19.2% (n=498)
Cytokine 14.4% (n=375)
Receptor 11.6% (n=301)
Deficiency 8.5% (n=221)
Growth factor 7% (n=183)
Tumeor supressor 7% (n=181)
Suvicide 6.7% [n=175)
Replication inhibitor 3.7% (n=96)
Marker 2.1% (n=55)

Other categories 17% (n=4446)
Unknown 2.5% [n=66)

wwow. wiley.co.uk/genmed,/ clinical
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Hematopoietic Stem-Cell Gene Therapy
for Cerebral Adrenoleukodystrophy

Florian Eichler, M.D., Christine Duncan, M.D., Patricia L. Musoclino, M.D., Ph.D.,
Paul J. Orchard, M.D., Satiro De Oliveira, M.D., Adrian J. Thrasher, M.D.,
Myriam Armant, Ph.D., Colleen Dansereau, M.S.N., R.N., Troy C. Lund, M.D.,
Weston P. Miller, M.D., Gerald V. Raymond, M.D., Raman Sankar, M.D.,
Ami ). Shah, M.D., Caroline Sevin, M.D., Ph.D., H. Bobby Gaspar, M.D.,
Paul Gissen, M.D., Hernan Amartino, M.D., Drago Bratkovic, M.D.,
Nicholas J.C. Smith, M.D., Asif M. Paker, M.D., Esther Shamir, M.P.H.,
Tara O'Meara, B.S., David Davidson, M.D., Patrick Aubourg, M.D.,
and David A. Williams, M.D.

Gene Therapy in a Patient
with Sickle Cell Disease

Jean-Antoine Ribeil, M.D., Ph.D., Salima Hacein-Bey-Abina, Pharm.D., Ph.D.,
Emmanuel Payen, Ph.D., Alessandra Magnani, M.D., Ph.D,,

Michaela Semeraro, M.D., Ph.D., Elisa Magrin, Ph.D., Laure Caccavelli, Ph.D.,
Benedicte Neven, M.D., Ph.D., Philippe Bourget, Pharm.D., Ph.D.,
Wassim El Nemer, Ph.D., Pablo Bartolucci, M.D., Ph.D., Leslie Weber, M.5c.,
Hervé Puy, M.D., Ph.D., Jean-Francois Meritet, Ph.D., David Grevent, M.D.,
Yves Beuzard, M.D., Stany Chrétien, Ph.D., Thibaud Lefebvre, M.D.,
Robert W. Ross, M.D., Olivier Negre, Ph.D., Gabor Veres, Ph.D.,

Laura Sandler, M.P.H., Sandeep Soni, M.D., Mariane de Montalembert, M.D., Ph.D.,
Stéphane Blanche, M.D., Philippe Leboulch, M.D., and Marina Cavazzana, M.D., Ph.D.

Adenovirus-Associated Virus Vector—Mediated Gene Transfer
in Hemophilia B

Amit C. Nathwani, M.B., Ch.B., Ph.D., Edward G.D. Tuddenham, M.B., B.S., M.D., Savita Rangarajan, M.B., B.S.,
Cecilia Rosales, Ph.D., Jenny Mcintosh, Ph.D., David C. Linch, M.B., B.Chir., Pratima Chowdary, M.B., B.S,,
Anne Riddell, B.Sc., Amulfo Jaquilmac Pie, B.S.N., Chris Harrington, B.S.N., James O'Beirne, M.B., B.S., M.D,,
Keith Smith, M.Sc., John Pasi, M.D., Bertil Glader, M.D., Ph.D., Pradip Rustagi, M.D., Catherine Y.C. Ng, M.5.,

Mark A. Kay, M.D., Ph.D., Junfang Zhou, M.D., Yunyu Spence, Ph.D., Christopher L. Morton, B.S., James Allay, Ph.D.,

John Coleman, M.S., Susan Sleep, Ph.D., John M. Cunningham, M.D., Deckumar Srivastava, Ph.D.,
Etiena Basner-Tschakarjan, M.D., Federico Mingozzi, Ph.D., Katherine A. High, M.D., John T. Gray, Ph.D.,
Ulrike M. Reiss, M.D., Arthur W. Nienhuis, M.D., and Andrew M. Davidoff, M.D.

Lentiviral Hematopoietic Stem Cell
Gene Therapy Benefits Metachromatic
Leukodystrophy

Alessandra Biffi,* Eugenio Montini, Laura Lorioli, Martina Cesani, Francesca Fumagalli,
Tiziana Plati, Cristina Baldoli, Sabata Martino, Andrea Calabria, Sabrina Canale, Fabrizio
Benedicenti, Giuliana Vallanti, Luca Biasco, Simone Leo, Nabil Kabbara, Gianluigi Zanetti,
William B. Rizzo, Nalini A. L. Mehta, Maria Pia Cicalese, Miriam Casiraghi, Jaap ]. Boelens,
Ubaldo Del Carro, David ]. Dow, Manfred Schmidt, Andrea Assanelli, Victor Neduva, Clelia Di
Serio, Elia Stupka, Jason Gardner, Christof von Kalle, Claudio Bordignon, Fabio Ciceri, Attilio
Rovelli, Maria Grazia Roncarolo, Alessandro Aiuti, Maria Sessa, Luigi Naldini*

Lentiviral Hematopoietic Stem
Cell Gene Therapy in Patients with
Wiskott-Aldrich Syndrome

Alessandro Aiuti,* Luca Biasco, Samantha Scaramuzza, Francesca Ferrua, Maria Pia Cicalese,
Cristina Baricordi, Francesca Dionisio, Andrea Calabria, Stefania Giannelli, Maria Carmina
Castiello, Marita Bosticardo, Costanza Evangelio, Andrea Assanelli, Miriam Casiraghi, Sara
Di Nunzio, Luciano Callegaro, Claudia Benati, Paolo Rizzardi, Danilo Pellin, Clelia Di Serio,
Manfred Schmidt, Christof Von Kalle, Jason Gardner, Nalini Mehta, Victor Neduva, David ].
Dow, Anne Galy, Roberto Miniero, Andrea Finocchi, Ayse Metin, Pinaki P. Banerjee, Jordan S.
Orange, Stefania Galimberti, Maria Grazia Valsecchi, Alessandra Biffi, Eugenio Montini, Anna
Villa, Fabio Ciceri, Maria Grazia Roncarolo, Luigi Naldini

LUXTURNA™
NEJM, 2018




(A) (B)

MRI-guided stereotactic
implantation of vector
producer cells (VPC) into
CNS tumors in situ

Vector producing cells inside
the tumor

(©)

Retroviruses infect tumor cells Gancyclovir kills the infected cells
but not normal cells
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Our previous clinical experience of cancer
GT in the pre-EMA era

Bicistronic Moloney-based retroviral vector expressing human /L-2 and HSV-TK for gene
therapy of glioblastoma multiforme and anaplastic thyroid carcinoma

- T =W ITEYAT 7201 =W WE

Palu et al. Ster Func Neurosurg 1997 Barzon et al. EOBT 2004

Pizzato et al. Gene Ther 1998 Barzon et al. Cancer Gene Ther 2005
Palu et al. Gene Ther Mol Biol 1999 Colombo et al. Cancer Gene Ther 2005
Palu et al. Gene Ther 1999 Barzon et al. JCE&M 2005

Barzon et al. JCE&M 2002 Barzon et al. EOBT 2005

Barzon et al. Eur J Endocrinol 2003 Barzon et al. Cancer Gene Ther 2006



Gene therapy in patients with recurrent GBM

Pt #3, F 58 yr

before GT

immediately
after GCV

1 month after
GCV

Palu G. et al. Gene Ther 1999
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Palu G. et al. Gene Ther 1999
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Gene therapy in a patient with recurrent GBM

Pt#10, M 28 yr The last treated patient

before GT ? 2”mo. after GT 8 o. after GT
Palu G. Cancer Gene Ther 2005



Gene therapy for anaplastic
thyroid carcinoma

Barzon L et al. J Clin
Endocrinol Metab. (2005)
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Gene Therapy (2005) 12, 239-310 @
& 2005 Nature Publishing Group All rights reserved 0963-7128/05 530,00

www.nature.com/gt

T-cell engineering by a chimeric T-cell receptor with
antibody-type specificity for the HIV-1 gp120

S Masiero!, C Del Vecchio', R Gavioli*, G Mattiuzzo', MG Cusi®, L Micheli®, F Gennari', A Siccardi®,
WA Marasco’®, G Palt' and C Parolin'

.= —s 11y — LTR~-TCR¢MLTR —

High-avidity Molecular cloning of TCR-retrovirus
T cells TCR cDMA l
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1l
Patient's
\\ I e T cell
Exchange of
antigen specificity T
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Adoptive transfer

Sviluppo ante-litteram di CAR therapy within 1 week



LR Recombinant TCR for DMM
== cell tharapy of infectious disease and cancer

Extracellular Antigen-specific
receptor (CD4),

scFv

Transmembrane CD8, CD4,
IgG hinge

Intracellular CD3-z
chain, Fc
receptors

Development of TCR containing scFv of gp120/mAbF105
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e scFv105/TCR specifically interacts with HIV-1 gp120
(immobilized or in a cellular context)

e Binding of the scFv105/TCR to the HIV-1 gp120
antigen is sufficient to trigger T cell activation

Masiero et al., Gene Ther 2005



Clinical Protocol of
Gene Therapy for AIDS

Lentiviral vectors expressing anti-HIV siRNA and fusion inhibitors for transducing
AIDS-related lymphoma CD34+ cells

HIV patient with lymphoma

CD34+ Stem Cell
duid Enrich t
patient nrichmen Growth factors

Apheresis
ﬁ sl PBMCs s of | —p>

I

l

Transduction
G-CSFRX
/
Preparation
for
aut;l;grous Pool unmodified
and modified cells
HSC infusion and and infuse

engraftment

Scherer and Rossi, 2011/Parolin& Cavazzana 2016
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Inhibition of HIV-1 replication in human G DMM
CD4+ T lymphocytes transduced with the \7
selected combinatorial vectors

Fusion inhibitors:

pLL3.7 U6shCCRS-7SKshVif-H1lhTat/Rev pLL3.7 Hle-shRNA

CMVER US RRE flap CMV  eGFP WPRE T3R U5 CMVR US REE flap CMV  ¢GFF WPRE UIR US

¥
LoxP LoxP A LoxP LoxP

E> e-shRNA |
ShCCRS shyif Ihtat.&'e\'l EEERT T

OH1e-shRNA

[U6BshCCRS5-7SKshvif-H1lhtat/rev

Donor #3, X4 virus W control Donor #3, R5 virus
g 100 g 100
= 2
2 2
& ko]
E 50 - E 50
2 g
3 E
o ) . . L . e 04 : - .
5 7 9 12 5 i 9 12
Days post-infection Days post-infection

Citation: Molecular Therapy—Nucleic Acids (2016) 5, e312; doi:10.1038/mina 2016.24
Official journal of the American Society of Gene & Cell Therapy All rights reserved 2162-2531/16

www.nature.comvimina

Development of Lentiviral Vectors Simultaneously
Expressing Multiple siRNAs Against CCR5, vif and tat/rev
Genes for an HIV-1 Gene Therapy Approach

Francesca Spanevello', Arianna Calistri', Claudia Del Vecchio', Barbara Mantelli', Chiara Frasson*®, Giuseppe Basso?, Giorgio Pallr',
Marina Cavazzana*" and Cristina Parolin’

Adapted from Rambaut et al., 2004



FDA APPROVED CAR-T
THERAPIES

tisagenlecleucel omen o mxony

B OKYMRIAH"  EEmsiae August 2017, FDA approval

Dossgn: Sae prescribing infoemation
Contains 23 10° 10 2.5 x 10* CAR-positive viable T cells

il SRR R, Novartis Receives Approval
et i st o o DOB: 01202000

| SRR T S For Acute Lymphoblastic
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PATIENT ID ﬁ October 2017, FDA approval
Lot: 123456789-0X Bt : : :
b BafiorliD: 195455760 Kltelgllead Receives Approval
Expiration Date: 31-Dec-2900 For Diffuse Large B Cell
First Name M.l.: FIRST NAME W Lymphoma
Last Name: LAST NAME
DOB: 31-Dec-1900
Hospital Patient ID: 1234567390123456
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First patient treated at Bambino Gesu Hospital

NETWORE LEspresso  F2LEINGHIESTE LAJORD ANNUNCI ASTE

REE  Oncoline - licanale di Oncologia ~ nemecs AN
News | Prevnzons | Diagnosi | erapa | i | Quata arva | Testmonianze|
Q
e 1 [inl=

Leucemla, CellulaT
bambino curato
con la terapia
genica

Limmunoterapia con linfociti riprogrammati comineia a dare risultati. Al Bambino Gesu di Roma trattato
un piccolo di 4 anni, mentre dagli Usa arrivano i dati di efficacia a lungo termine su altri 75 pazienti

di LETIZIA GABAGLIC & TINA SIMONMIELLOD
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Oncolytic viruses

* Viruses able to replicated in tumor cells but not in healthy cells.

/ Kills tumor cells

Triggers an anti-tumoral immune responses.

* Replication of oncolytic viruses has 2 effects:

* They can carry therapeutic genes in tumor cells.

Host antitumor immunity
Oncolytic viruses are already in %W\E —

the clinic: talimogene laherparepvec Metastatic lesion

(HSV-1) approved for metastatic o s
melanoma(2016) _ Cytokines \
Propagation

Systemic therapy using
anticancer or
immnotherapeutic agents

d}mbmc

Primary cancer

T

| -‘ i -';- ‘\ i - e !
Store at -70°Ch 4 Store at -70°C o4
talimogene bt talimogene
10° PFU/mL A\ 10° PFU/mL

P;Ilgr:. For Intralesional g P‘!u? For Intralesional i
BioVex, Inc., asubsd Y Biovex, rn..m:
One Amgen Cener 0o One Amgen Oncolstic v
housand Thousand i + ytic virus
! oo el Replication

- = - - )

Fukuhara et al, Cancer Science

(27016)
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TR, U
A34.5

y
Calistri et al. 2018 ‘gﬁ

HSV1
Ay34.5/AICP47
HCMV-EGFP

wt-organoids tumor-organoids

CTRL-mock wt-HSV Ay34.5/AICP47 CTRL-mock wt-HSV Ay34.5/AICP47
HCMV-EGFP HCMV-EGFP
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Blastocyst ES cell

. 2
Somatic cell "

b Cell fusion Somatic cell 1 =
cell Awisiol . “
= i N%NP\ repncation .
= ™o

= Lt el e e

Unfertilized Adult somatic cell Unfertilized egg e
°8s ' Remove egg

1

Adult somatic cell

/E}fmm patient

Remove egg l chromosomes
chromosomes Transfer nucleus to enucleated egg
Transfer adult
nucleus to l, Culture to early embryo
enucleated egg
Blastocyst §
Culture to ;
early embryo

Blastocyst

Therapeutic cloning

l Differentiate to desired cell type (e.g., neurons)
Implant in ) &
foster mother @e@

1 Transplant back to patient

In 1997 lan Wilmut and
colleagues cloned Dolly

}
Clene Q]H the sheep.

First time in human cells
Mitalipov et al., 2013




ES cell

€ Transcription-factor transduction
Octa
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c-Myc

Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors

Kazutoshi Takahashi' and Shinya Yamanaka'->*

! Department of Stem Cell Biology, Institute for Frontier Medical Sciences, Kyoto University, Kyoto 606-8507, Japan
? CREST, Japan Sdience and Technology Agency, Kawaguchi 332-0012, Japan

*Contact: yamanaka@frontier.kyoto-u.ac.jp

DOl 10.1016/].cel.2006.07.024

S — S | Y

iPs cell i i

By anaka, 2006 Xl | ﬂ
= ' =

2012 Nobel Prize to Sir John B.
Gurdon and Shinya Yamanaka "for
the discovery that mature cells can
be reprogrammed to become
pluripotent.”




Induced Pluripotent stem cells:
tool for....

1) Study of human development;
2) Study of pathophysiological bases of diseases;

4) Drug Screening studies;
5) Gene editing and Cell Therapy.

Patient-specific iPSCs
Correction of Mutation
= Differentiation

oG diti S :
+\fla ene Editing \<¢ d\/

* Disease-specific Target Cells
— @R —
= Cardiomyocytes
Corrected iPSCs Plasma ..
Buff A
= e Endothelial Cells
Blood *
f Drug Screening Disease Modeling
Regenerative therapy using iR
genetically matched Purification/
healthy cells Maturation
e o
| -
- Regenerative
Customized Medical Plan Therapy
< | A

=

Patient

Sayed et al. 2016




Protocols for reprogramming: =DMM
derivation of iPSCs i i
Day 0 D5 D6 D14 D30
| | | | .
[ [ [ | "
OCT4, SOX2 Split into hES medium
KLF4, MYC plate with MEF >

Skin fibroblasts
SKIN BIOPSY

BLOOD SAMPLE

Erythroblasts
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Seem Cell Research 28 (2018) 148152

C available ot ScenceDirect

Voliene 25, Hianber 4, 2018 Brief Communication
Mary Ann Liebert, Inc.
DOl 10,1089/ 2017.0064

Stem Cell Research

journal homepage: www.elsevier.com/locate/scr

Lab Resource: Stem Cell Line Oral Mucosa-Derived Induced Pluripotent Stem Cells
Generation of a transgene-free induced pluripotent stem cells line » from Patients V‘j"th ECtIrOdaCtWy‘ECtOderma'
(UNIPDi002-A) from oral mucosa epithelial stem cells carrying the — Dysplasia-Clefting Syndrome

R3040Q mutation in TP63 gene

Marta Trevisan **, Vanessa Barbaro ", Silvia Riccetti *, Giulia Masi %, Luisa Barzon *, Patrizia Nespeca®, Marta Trevisan,"' Gualtiero Alvisi,"' Vanessa Barbarcf Luisa Barzon! Paolo Raffa,
Gualtiero Alvisi®, Enzo Di lorio ?, Giorgio Pali® Angelo Migliorati! Giovanna Desole,' Silvia Ruzittu Giulia Masi! Enzo Di lorio) and Giorgio Palu™*
A F : s
g - S T Wt ’ Weeks of differentiation
€ C E G T c : € & 6 A T g 2 0 1 s
fi g,
IP|| ! | I| ] | 5
g , Jln' 18 f JI Il | | s
f | { { | ~—
At a A \ 1 | | <
TR | FA \ s
[\l IVAYATR! I\ 1l =
LAl 'j\f Vid | J ) l'u'_\ ia Eyp
R304Q-hOMESCs UNIPDIi002-A-hiPSCs -
B G OCT4 SOX2 NANOG
\} } i
H CH AN
: ' ’ ' TUBE
L T AT O X Ectoderm
IR | I (A T [ —_
" AFp  —
"' ‘-.' B¢ 3¢ 31 e Endoderm| . ., -
8 —
3% ak M ﬂ FLK1
Cc Mesoderm| PECAM ___
MVIl SeV OCT4 SOX2 KLF4 C-MYC MVII ACTIN CDH5
| ——— ! | v ¥ s——) hrscom——
o 12 1312 13212 g1 s ACTIN
o RT+ RT-
- - =
= —
- -
1: UNIPDI002-A  2: Ctrl+  3: Ctrl- hIPSCS keratlnocytes
Stem Cell Research 28 (201 8) 148-152
E C available at ScienceDirect

NANOG SSEA4

-.- . Generation of a transgene-free human induced pluripotent stem cell line i 'm
(UNIPDi001-A) from oral mucosa epithelial stem cells =

H
Gualtiero Alvisi *, Marta Trevisan **, Giulia Masi®, Vanessa Canel *, Luciana Caenazzo *, Patrizia Nespeca?,

Luisa Barzon 2, Enzo Di lorio % Vanessa Barbaro ®, Giorgio Palii®

Stem Cell Research

journal homepage: www.elsevier.com/locate/scr
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Investigation of ZIKV and West Nile virus infection
in hiPSC-derived neural cells

T » | ———(
D7 D14 D1 |_'_,
NEURAL NEURONS
INDUCTION 2 USRS DIFFERENTATION 5
Neural Stem cells Neurons

(NSCs)

hNSCs infected with ZIKV, WNV and DENV2



ZIKV infection during embryogenesis
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progenitors and self-organizes through cell sorting and spatially restricted lineage
commitment in a manner similar to in vivo and exhibiting similar organ functionality as
the tissue of origin.

[]

‘ Differentiatin
g
9“3 Q PSCs

v

Cell
sorting out

]

Lineage
commitment

e

Teratoma Embryoid body Organoid

Organoid

Lancaster and Knoblich, Science 2014: 345, 6194, 1247125
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Genome Editing
CRISPR/Cas9: Clustered Regularly Interspaced

Short Palindromic Repeats/CRISPR associated 9

Target Genomic

Locus
5'J
T, Cass

CCCGGTGATCCCTG
Target sequence ALEELLT

to cleave - A UUUUAGAGCUAS

.Illll.HIIA

J\i.’:’l.b\ﬂ.ILI GCCUGAUCGGAAU AﬁnAUU C GAU p,

Protospacer
Adaptor Motif
(PAM)

__q
) w— >
L) e
P ]
__y

Your
guide RNA
sequence

cﬁUGAﬁhﬂASUGSCACCGA

e

3'=—UUUUUCGUGGCU

tracrRNA
built into
vectors
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In the following 8 months, various groups have used it
to delete, add, activate, or suppress targeted genes
in human cells, mice, rats, zebrafish, bacteria, fruit
flies, yeast, nematodes,and crops, demonstrating
broad utility for the technique.

fruit flies with dark
eyes

dumpier
nematodes
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CRISPR is coming to the clinic this year
THERAPEUTICS
Editing
Program approach Research IND-enabling PhI/II Partner Structure

Ex vivo: Hematopoietic

CTX001: B-thalassemia Disruption Apg:;}ied VE ﬁf:_\' Collaboration
e : A : CTA A :
CTX001: Sickle cell disease (SCD) Disruption Approved  VERTEX Collaboration
Hurler syndrome (MPS-1) Correction Wholly-owned
)
Severe combined immunodeficiency (SCID)  Correction [f’ Joint venture

CASERIA

Ex vivo: Immuno-oncology

IND filing

CTX110: Anti-CD19 allogeneic CAR-T Various VE1g Wholly-owned
CTX120: Anti-BCMA allogeneic CAR-T Various Wholly-owned
CTX130: Anti-CD70 allogeneic CAR-T Various Wholly-owned

In vivo: Liver

Glycogen storage disease la (GSD Ia) Correction Wholly-owned

) Joint venture

CAGEBIA

Hemophilia Correction

In vivo: Other organs

Duchenne muscular dystrophy (DMD) Disruption Wholly-owned

Cystic fibrosis (CF) Correction VvERTEY License option
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Ectrodactyly—Ectodermal S N
dysplasia—-Clefting (EEC) syndrome

EEC is a rare autosomal dominant inherited disease
characterized by ectrodactyly (split—-hand-foot malformation),
ectodermal dysplasia and cleft lip and palate.

It affects the skin, nails, hair, teeth, sweat glands and the ocular
ectodermal derivatives leading to visual impairment and
blindness.

EEC syndrome is caused by heterozygous mutations in the p63
gene, essential for the regeneration of adult epithelia and the
maintenance of the proliferative status of basal keratinocytes.
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Fixed corneal
epithelial cells
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retargeting and
differentiation in corneal
epithelial cells
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Gene Drive for Malaria eradication

These new types of synthetic gene drives could alter insect populations that
spread diseases such as malaria, schistosomiasis, dengue and Lyme, protect
at-risk ecosystems from the spread of destructive invasive species, or improve
sustainability in agriculture by reducing the need for and toxicity of pesticides and
herbicides. Population suppression drive

Spread in population
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D
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0.0
0 10 20 30

Generations

Burt and Crisanti Pathog Glob Health. 2017 Dec; ACS Chem Biol. 2018
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C/) PNAS | April 17,2012 | vol. 109 | no. 16 | 6247-6252

Small molecule inhibitors of influenza A and B viruses
that act by disrupting subunit interactions of the
viral polymerase

Giulia Muratore®', Laura Goracci®', Beatrice Mercorelli®, Agnes Foeglein®?, Paul Digard*?, Gabriele Cruciani®®,
Giorgio Palu®?, and Arianna Loregian®*
L cl
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Loregian, A., Palu, G., Muratore, G., Cruciani, G., Tabarrini, O. “New inhibitors of influenza A and B viruses
acting by disrupting PA and PB1 subunit interactions of heterotrimeric viral RNA polymerase.”
PCT/EP2012/052914, 21 February 2012 (con finanziamento del deposito del brevetto approvato dalla
Commissione Brevetti dell’'Universita di Padova in gennaio 2012).



=DMM

Dipartimento di Medicina Molecolare
Universita di Padova

Toward the eradication of HCV

Lipoprodeing
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Eradication of HCV
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Gain of function (GOF)

Definition: a type of mutation in which the altered
gene product possesses a new molecular function
or a new pattern of gene expression.

GOF applied to potential pandemic
pathogens is a case of potential «Dual
Use Research»
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Experimental adaptation of \' "?DMM
H5N1 to mammal hosts et

Virus passaging and airborne transmission
of A/H5N1 viruses in ferrets.

Sciengg

The mutated HA gens was combined with seven
genes from the 2009 HIM1 pandemic virus.

HEM1-H1M1 Farret Infectad
hiyksrid with hiybrid virus

A/HSN1 oo"ed

—~ NN NN NN NN NN

Q.......Q.
Tt . . .. .. . .. .

Durng alrbome passage batwasn

EL'&E%L”E“"““""‘” \J\_)‘\_/\J\_f\_/\_f\_f\_f\_f\_)

AHSN1  NT NT NT NW NW  NW  NW  collect
HAQ222L,G224S NW
PB2 EBZTK
b '1],535 Fouchier et al. Science. 2012 Jun 22; 336(6088): 1534-1541

The fourth mutation allowad the virus to
spread mere effectively, Infecting ferrets
In neighbouring cages.

Amino acids changes allowing an
high efficient via area transmission of
virus among ferrets

ﬂﬁf“ﬂﬁf -
WHE—E

Kawaokaetal., NATURE |[VOL486|21JUNE2012
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Regulating dual-use research in Europe.
Science. 2014 Jan 24;343(6169):368-369

AYAaaAs Palu G.

ESV's position stems from the concern that results from scientific work carried out in Europe on these
organisms would require an export permit before they can be published in international scientific

journals.

This prospect raises a number of serious issues. Under what circumstances should this EC regulation be
applied to biomedical research? Who is going to decide when the EC requlation does or does not
apply? What should be considered “basic scientific research,” and who is going to judge this criterion?
(This is not a trivial question, especially in the European Union context, where, in theory, there might be 28
different interpretations of the same regulation.) Does this create the potential for discrimination among
scientists working in different European States and between European scientists and those in the rest of the
world? Does this decision apply only when specific results are going to be published in journals outside
Europe, or does it apply universally?

It may be that controversial questions related to this issue were ignored for too long, allowing a
precedent to be set prematurely. We are overdue for discussions on how to requlate the dissemination of
“sensitive” data in a way that does not compromise biosecurity, while maintaining the principle that
acquiring important and meaningful knowledge cannot simply be stopped. ESV believes that export
control does not represent the best way to deal with this issue.

Our intention is not to criticize or to disregard the work of jurisprudence experts. We believe that the
European Commission should take steps to promote a common understanding of the current
regulation by existing working groups or by a new advisory committee created to deal with the dual-
use research in a harmonized and balanced way throughout Europe. In the meantime, we have expressed
our willingness to provide law officers with proper scientific advice, making available the expertise of our
many European scientists.
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Uso di GOF per allestimento
vaccini ricombinanti

Un virus dell'influenza contiene otto segmenti genici. L'obicttivo &
combinare i geni desiderati per NA ed HA del ceppo 1 con sei altri geni
del ceppo 2, che cresce bene nelle wova ed ¢ innocuo per I'voma,

Géne HA o

Dopo aver rimosso le

(x porzioni pericolose dal
gene dell'HA, gli scienziati
dividono i geni di HA e NA

del ceppo 1 in pezzi di DNA
circolare chinmati plasmidi.

Influenza,
ceppo |

Influenza,
ceppo 2

o Altri plasl‘!lidi v Plasmidi \/
sono creati
utilizzando
gli altri 6 geni
del ceppo 2.

e 1 plasmidi per i geni HA ¢ NA del
ceppo 1 e i 6 plasmidi con i geni
del ceppo 2 sono inseriti in una
linea di cellule animali che —

L S
| crescono in laboratorio. / \

Nuovo ceppo

di inflwenza

Cellule aninali
i aitiva riproduzione

o I geni dei plasmidi insegnano
alle cellule animali come costruire
il nuove ceppo di influenza
desiderato.

Nuovo

ceppo di
influenza

Schultz-Cherry S et al. MBio. 2014 Dec 12;5(6).
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From Jenner to Pasteur to Hilleman

Isolate

CLASSICAL VACCINOLoGy | Inactivate

growing pathogens
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Evolution of Technologies for the
development of Vaccines

Next Generation Technologies
Structural Vaccinology
Synthetic Biology/RNA

Adjuvants/Human Immune Response

Reverse Vaccinology
MenB, GBS, GAS,
E. coli, S. aureus, C. difficile

Glycoconjugation
MenACWY, S. pneumo,
Hib, GBS, S. aureus

Recombinant DNA
Hepatitis B,
Acellular Pertussis, Lyme,
Human papillomavirus

Empirical Approach
Diphtheria, Tetanus,
Pertussis, Rabies,
Influenza,
Smallpox, Polio,
: BCG
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Reverse & Structural
Vaccinology

REVERSE VACCINOLOGY 1 —

Siena

600 potential vaccine candidates identified

Express
recombinant
proteins

<

350 proteins successfully expressed
in E.coli

In silico vaccine
candidates

<

91 novel surface-exposed
proteins identified STRUCTURAL VACCINOLOGY

<

28 novel proteins
have bactericidal
activity

<

Richard Moxon

: L:hm&f!ilvo!Ox[md i ‘ .
| : VACCINE CANDIDATES

structure g Fe
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mAb

.;: human B cell
/[ immunity

Rappuoli et al. JEM April 2016
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~ Prospects for a broadly protective universal
influenza vaccine

Influenza viral spike (HA) Group 2

H3 H4 Hi4

&> Glycans

Conserved sites

Site of stem
antibody binding

From: Nabel & Fauci, Nature Medicine (2010); Skehel et al., Cell 2016



Structural Vaccinology DMM
I’esempio di RSV

J/J =

Proteina F

» Proteina G

Jason S. McLellan et al.
A Science 340, 1113 (2013);
W] DOI: 10.1126/science. 1234914




Innovative approaches
Synthetic vaccinology

Colony formation,  Pool correct
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Design Pool oligos, assembile, Seguance Colony formation, E. colf growth
DMa in brath, DMA preparation

oligos transform E. coli

Dormitzer PR et al., Sci Transl Med. 2013 May 15;5(185):185ra68.
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Conclusions

Microbial products (nucleases, recombinases, repressors/promoters,
vectors...) and mechanisms of gene transfer and repair in microbes made
genetic engineering possible;

Microbial and human genomes sequencing allowed to dissect the nature of
many acquired and inherited diseases;

Advanced molecular therapies based on genomic technologies are
changing the face of modern medicine;

Stem cell biology, cell reprogramming and genome editing are permitting to
cure gene defects at the single nucleotide level while providing new tissues
and organs;

Refined new technologies of stem cell modifications allow to overcome
many of the past ethical issues involved with manipulations of human
embryos;

New vaccines and drugs based on structural biology data are being
developed to prevent and/or cure major threat like emerging infectious
diseases.
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