Cell & Gene Therapy Basics

An Introduction

First Day of a ‘New Life’ for a Boy With Sickle Cell

therapy forsickle cell disease in the

commergial setting

0 start my new life”
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Why?
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Gene therapy is important because it may allow us to address a
broad range of diseases at the genetic lev
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We are all made of cells—they are the building % of ffe.
our in our DNA, which is divi
called genes.
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What is gene therapy?

Gene therapy is an intervention that uses genetic
material to treat or prevent diseases’

Mutations in the genetic code can lead to disease
by affecting protein expression or function3#

Gene therapy approaches include:
= Addition of new genetic q B D X N
material? ova R FPIOITVIV
= Disruption or editing of l
existing genetic material?

= A combination of the two? RNA M A ™t
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Types of Gene Therapy
There are three major types of gene therapy

GENE ADDITION THERAPY is the insertion of a functional genetic
material into the cell, with the goal of enabling the body to make a
functional protein it could not adequately make before

GENE-BASED CELLULAR IMMUNOTHERAPY involves inserting
genetic material into immune cells with the goal of enabling them to
attack cancer cells such as in chimeric antigen receptor (CAR) T cell
therapy

GENE EDITING is the addition, deletion, or
locations in the genome using a system wi
genetic material and an enzyme
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Overview of gene therapy approaches: distinctions from CAR-

Gene Addition Gene Editing

i " . N " Targeted modification of existing genetic material to Insertion of gesfetic material to produce a chimeric
e e ol oroteint? . increase or decrease production of a functional i for to enhance the antitumor immune
protein or to correct protein function®” responsel®i

Antitumor
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Are approved*? and are being studied for use as a Is approved!? and are being studied fogdise as a one-
one-time or repeated therapy for patients withan  time therapy for patients with an underlying genetic
underlying genetic disease*
GART, chimeric antigen recaptr T cel
1. Dong AC, o al. Ady Exp Med Biol 2017:1013:155-175. 2. Hartmamn J. o al EMBO Mol Med. 2017:9(911183-1197.
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al'N Engl ) Med. 2024:300(B)687-700. 14. Granit V., et al. Lancet Neurol, 202322(7)576-590.
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Gene Addition Therapy

When “gene therapy” is used without specifying a sub-type, it
typically refers to gene addition therapy.

f/o gene addition
tierapy

person’s cells out:
of the body then

interest (e.g.,
muscle)

ing Pharmaceutical Knowledge

genetically altering a

direct administratio
of genetic material
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Gene Addition Therapy: Vectors

How does the new genetic material get inside the cell?

Viral Vectors

‘e synthetic vectors
naturally-occurring
viruses €.g., lentivirus,

ransport and deliver
etic material into cells

(e.g., via chemical
electroporation,
into cells

d nanoparticle)

Geng-tiddition therapy can als
used to insert genetic matgfial
that produces functional nop-

coding RNA, such as shRNA
rather than a functional protein.

VIRAL VECTOR NON-VIRAL VECTOR

(SHERIDAN 2011/p126/Figuret; p121-123Viral vectorsiparat; p127/Box2iNoniral vectors)
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Viral Vector Types for Gene Delivery

Different Viral Vectors Work in Different Cell Types

VECTOR PACKAGING
(Genome) CAPACITY

Retrovirus
‘ (RNA) Bl
e Lentivirus
& Bio

TYPES OF CELLS TARGETED

Dividing cells only kb is a unjt'of

Broad: non-dividing cells
(e.g., hematopoietic cells)
and dividing cells

Gene Therapy in HSCs Using Lentiviral Vecto

What is a lentiviral vector?

a len_n'uirus

chain that

-‘ (I"Ijss\é-’:I‘A) >40 kb Efficient in neurons equals 1 tic material
- P of a host cell
7 Adeno-Associated Broad, with variable
- Virus (AAV) ~5kb transduction efficiency in
(ssDNA) hematopoietic cells
-4 Adenovirus Bieen)
- (dsDNA) ) o tcionovy
Lentiviral vectors are based on the blueprint of the hum munodeficiency virus (HIV), a type pf lentivirus

[DURAND 2011/p134/paras; DONG 20
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to enhance safety

human immunode Cly virus

Only the genes required for certain essential functions are used agb prake lentiviral vectors

= These functions include reverse transcription and integratig

[SEGURA 2013/ pacolt/para2-3; ol2/parat-2; psicolt/paral/lines5-11; MILONE 2017/p15

e ISPE Conpecfing Phgrmaceutical Knowledge

ISPE.org

ing Pharmaceutical Knowledge

ISPE.org




as/well as

/

ISPE.org

Lentiviral Vectors: Key Differences From Other Vectors

Lentiviral vectors may g£nable durable
gene expressionYia integration
into the host gehome, while other
viral vectors

Integration into the host genome

— e mp HE

Package therapeutic genes up to 8 kb in size

Lentiviral vector

Sed for in vivo gene dejivery
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applications:

Lentiviral vectors have additional features that allow them to e used in a va

= Low risk of immunogenicity (or producing an im

¢iéty of clinical therapeutic
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Key Features of Today’s Third-Generation Lentiviral Vectors

= Deliver genetic material into both dividing and
non-dividing cells

= Integrate stably into the h
which is thought to main
expression

Deliver larger amo
than other comm

= Are thought to e non-pathogénic (including
non-oncogenit) and non-jAimunogenic
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Making a Lentiviral Vector

The packaging
cells are able to
produce
lentiviral vectors
carrying the
therapeutic
genetic material,

The vectors are
then used to add
a functioning
gene into patients’
hematopoietic
stem cells.
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viral packaging functions

to prevent unwanted recombinatjon dufing vector production

ing Pharmaceutical Knowledge

ISPE.org

These plasmids include:
A transfer plasmid with the therapeutic gene
Packaging plasmids with genes for structural proteins, enzymes, and regulation
An envelope plasmid with the gene for an envelope protein
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Collecting Patient HSCs for Gene Therapy

Hematopoietic stem
cells are stimulated to
move from bone marrow
to blood using a
mobilizing agent.
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CD34¢ cells are
isolated at a
central
processing
facility.

Cells are collected
directly from
peripheral blood
using apheresis.
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| HEMATOPOIETIC STEM CELLS (HSCs)
@@

Moracyte Macrophage

Cormmeom mojebold =, e @0

HSCs are self-renewing cells

Allows for hematopoiesis - Granulocytes
to occur indefinitely ' — "1. LA .
Megakaryooyie Platolets
Salf-renewing  Shest-teen
lang-tetm HSC gakary ,\\
HSC seythroid .
% progenitor call  Proerythroblas rythrocyte
i Progenitar 8 cel 8 eall
Lentiviral Vectors Are Used for Comman lymphoid o N @
Gene Addition in Hematopoietic progenitos cell
Cells (HSCs) Pragenitor T cell Teell

IH STEM CEL
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N mobilizing agents

)\ help stimulate HSCs

to move from the bone marrow
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a small amount of '

HSCs P A
j/glsc circulate in the

peripheral blood
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A heterogeneous cell population
containing HSCs is collected from the
peripheral blood by apheresis
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WHITE CELL COMPONE
HSCs
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CD34* HSCs are enriched
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Construction the Ex Vivo Gene Therapy Product

The
Once CD34* cells are therapeutic The transduced
isolated from the gene carried by HSCs are
apheresis product, the lentiviral washed,

lentiviral vectors are \il:tcéoii‘tsed into frozez, faﬂd
used to transduce 8 tested for

the HSC safety and
Lhey genome. quality.
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The lentiviral vectors are added to thé
along with other components (e.g
vector transduce them

ent’s CD34* cells,
yteKines) to help the
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laboratory
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Receptor-mediated endocytosis is a process |
substances from outside the cell
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the genetic material

is released into the
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The viral RNA is reverse-transcribed into D,

A by reverse

transcriptase and transported to the nucleus/ where it is
integrated into the host genome
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Delivering the Ex Vivo Lentiviral Gene Therapy to a Pati€nt

Full ropalsblators conditiorsng

Genetically modified HSCs are delivered to a patient via stan
autologous hematopoietic stem cell transplapt, which invo

= Engraftment and repopulation of the bgne mar
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In preparation to receive their transd
undergo myeloablative conditioning
bone marrow, typically via high-dgse
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éd and infused back
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modified HSCs should now begin to repopulate
and differentiate into more mature blood cells
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if gene therapy is successful, many of these
progeny cells will now begin to produce the

transgenic protein
from the new gene
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the goal is that the patient sh
~ be able to prod Fully

functioning protein

t tt L able

protein deficiency causing the disé
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Patient journey overview: The gene therapy
treatment process is a structured collaborati

[ Manufacturing Facility Transplant Center

Pre-Treatment:
Prescription, patient
services enrollment,

sapproval, and scheduling

Treatment reatmg

Proce: Progéss
Laboratory In-pafient DP
manufacture of DP

Post-Treatment:
Long-term follow:y
by healthcare t€am

and.

S —

Tyeatment Proce
In-patient
myeloablative
conditioning
prophyl

Treatment Process
Mobilization and
apheresis for patient
HSC collection

& | Apheresis

Collection Center

Pre-treatment: Referral and

evaluation for gene therapy en

ing Phgrmaceutical Knowledge

Post-Treatment:
In-patient
monitoring through

graftment

Transplant Center
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