Vetores

Agentes utilizados na transferéncia génica

Definidos como os veiculos que carregam a
informagdo genética terapéutica

Fabiana T.M.C. Vicentini



Vetor ideal

» Possibilidade de regular a expressdo do gene
exdégeno no tempo e/ou na quantidade;

» Baixo custo;

» Fécil produgcdo e manipulacéo;

» Baixa imunogenicidade e citotoxicidade;

Fabiana T.M.C. Vicentini



Tipos de Vetores

Somatic Gene
Therapy
Viral vectors Non-viral vectors
. e Naked/sheathed DNA
e Adenovirus :
> 3 e Electroporation
e Adeno-associated virus o Liposomes (includi
e Retrovirus/Lentivirus o ng
: exosomes)
® Herpes virus 5
e Bacteria
e Measles >
; - e Bacteriophages
e Newcastle disease virus > ;
e Virus-like particles
e Etc.
e Etc.

Fig. 2 Viral and non-viral vectors for somatic cell gene therapy

Fabiana T.M.C. Vicentini
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Tipos de Vetores

** Ndo-virais ou Sintéticos - dependem
da transferéncia direta da informagdo genética na
célula-alvo, e incluem DNA plasmidial, DNA nu ou
DNA associado com algum sistema de liberagdo

TABLE 13.2
Methods of Nonviral Gene Transfer
Size of Transfection
Method DNA Target Cells Efficiency Transfection Cellular Toxicity Gene Expression Preparation Application
Naked DNA No limit  Especially 10-30% of cells  Extra chromosomal Lymphocytic Until death of cell Easy and cheap In viva
myocytes at injection site infiltration
Microinjection No limit  Mitosis/resting ~ Stable <0.1-1%  Integration possible 30% survival 200400 injectionsthr I vitro
Electroporation 150 Kb Mitosisfresting  Stable <0.1-1%  1-2 copies 20-60% survival Easy In vitro
Particle 10,000 Mitosisfresting ~ Stable <0.1-1%, Persistent and 85-95% survival  2-12 month Easy In vitro and
bombardment copies transient <20%  integration? in vivo
Lipofection Nolimit  Mitosis/resting  Stable <0.1-1%, Integration possible Membrane Easy In vitro and
transient 80% toxic in vivo
Ligand mediated  >48 Kb Mitosis/resting  Up to 50% Extra chromosomal  High High, Transient ~ Labor In vitro and
intensive in vivo
Calcium phosphate Mo limit ~ Mitosis/resting ~ Stable <0.1% Often multiple High High, Transient ~ Labor intensive and ~ In vifro and
precipitation copies time consuming in vivo

Fabiana T.M.C. Vicentini



Escolha do Tipo de Vetor

» Compreensdo das vantagens e
desvantagens de cada sistema;

» Entendimento da patofisiologia da
doenca;
» Célula-alvo;

~ Tipo de aplicacado;

Fabiana T.M.C. Vicentini



Maiores dificuldades TG

»Design do vetor;
»Regulacdo génica;

» Evitar resposta imune

Fabiana T.M.C. Vicentini



=,
Vectors Used in Gene Therapy Clinical Trials @

WILEY

Adenovirus 18.6% (n=574)
Retrovirus 17.0% (n=524)
Naked/Plasmid DNA 15.1% (n=466)
Lentivirus 9.9% (n=304)
Adeno-associated virus 7.9% (n=244)
Vaccinia virus 6.8% (n=211)
Lipofection 3.9% (n=119)

Poxvirus 3.6% (n=111)

Herpes simplex virus 3.2% (n=99)
Other vectors 7.1% (n=218)
Unknown 6.8% (n=211)

The Journal of Gene Medicine, © 2019 John Wiley and Sons Ltd

Fabiana T.M.C. Vicentini

http://www.abedia.com/wiley/vectors.php
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molécula de DNA ou RNA que constitui o genoma viral.
envoltério protéico que envolve o material genético dos virus.
estrutura formada pelo capsideo associado ao dcido nucléico
que ele engloba.
subunidades proteicas que agregadas constituem o capsideo.

membrana rica em lipidios que envolve a particula viral
externamente. Deriva de estruturas celulares, como membrana plasmdatica e

organelas.
: estruturas proeminentes, geralmente constituidas de glicoproteinas e

lipidios, que sdo encontradas ancoradas ao envelope, expostas na superficie.
Fabiana T.M.C. Vicentini



1. Adsorgdo

Interagdo entre proteinas virais,

presentes no envelope ou no
capsideo, e receptores celulares
que se encontram ancorados o
membrana plasmdtica, expostos
ao ambiente extracelular

Fabiana T.M.C. Vicentini



2. Entrada

Mecanismo particular para
cada virus

Principais mecanismos estdo:

* Endocitose;
* Fusdo;
* Translocacgdo;

Fabiana T.M.C. Vicentini



Entrada-Fusdo

Entrada por fusdo
o_m 3m3_o_.o_:o_m

\;A

I\
....m.._

Endocitose seguida por
fusdo de membranas

(1) Direta: fusdo do
envelope viral com a
membrana plasmdtica, a
partir do meio
extracelular;

(2) Indireta: sofrendo uma
endocitose inicial com
posterior fusdo j& no
interior da célula

Fabiana T.M.C. Vicentini
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|. Adsorc¢do;
2. Entrada;

3. Desnudamento;
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Replicagao Viral

|. Adsorc¢do;
2. Entrada;

3. Desnudamento;
4. Transcricdo e traducdo;

Fabiana T.M.C. Vicentini



Replicacao Viral

1. Adsorcdio; 5. Replicagdo do
2. Entrada; genoma;

3. Desnudamento; é ZOE.Q@QB.
4. Transcricdo e !

tra 0_ Cmm Om Fabiana T.M.C. Vicentini



Vetores Virais

Fabiana T.M.C. Vicentini



Vetores Virais

11 Dele¢do de genes virais indispensdveis para a
proliferagdo viral

11 Substituicdo destes por genes de interesse
terapéutico

Possibilidade de separar os componentes
necessdrios para a replicacdo daqueles que

causam doencas

Fabiana T.M.C. Vicentini



Vetores Virais

Mais utilizados

* Alta eficiéncia de transducdo

Obijetivo terapéutico da TG

* Expressdo desejada pode ser
transiente ou permanente

Fabiana T.M.C. Vicentini



Vetores Virais - Desvantagens

Limitagdo no tamanho dos genes
que o virus pode levar;

Dificuldade de padronizacdo da produgdo de
particulas virais em cultura de células;

Custo mais elevado quando comparado com
producdo de DNA plasmidial

Fabiana T.M.C. Vicentini



Diversidade de patologias que sdo alvos
potenciais da TG
Natureza heterogénea dos vetores virais

Unico vetor r  adequado

Fabiana T.M.C. Vicentini



Thorne et al. 2018

Fig. 3 Percentage of gene
therapy trials by type of
gene delivery vector. (a) All
trials between 1989 and July
2015 (n = 2,210). (b) Trials
initiating in 2014 through
July 2015 (n = 175)
(Journal of Gene Medicine
database, accessed Jan
2016, http://www.abedia.
com/wiley/vectors.php)

Unknown

Lentivirus
5%

Lipofection
5%

AAV

6%

Vaccinia Virus

7%

Lentivirus
22%

HSV
0%
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Principais vetores virais

Table 21.1 Advantages and disadvantages of use of different viral vectors in
gene therapy

Viral vectors  Advantages Disadvantages
Adenovirus Infection of non-dividing cells Highly immunogenic
Attaining high titre in culture Short-term expression
AW Infection of non-dividing cells Limited integration
Infection of different cell types Short-term expression
H5V Infection of different cell types Attain low fitre in culture
Cytotoxicity
Short-term expression
Lentivirus Attain high titre in culture May cause undesirable effects

Permanent infection of
non-dividing cells

Retrovirus Integration of viral DMA in the Infection of dividing cells only
host genome

AWV, adeno-assodated virus; HSV, herpes simplex virus.

Fabiana T.M.C. Vicentini Silva, C.L. et al., 2008



Retrovirus=- Estrutura

Genoma contém duas cépias de RNA, com uma ou
mais regides codificadoras juntamente com os
elementos de controle viral, chamados de
“Repeticées terminais longas” (LTR);

Simples — somente contém genes essenciais minimos:
gag, pol e env;

Complexos — contém também proteinas regulatérias
adicionais necessdrias para replicagdo e
persisténcia do virus; |

(R v

Fabiana T.M.C. Vicentint® b L Env | Nef
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Entrada na célula | > RNA gendmico é
convertido em cDNA

pela transcriptase

J

Integracdo do cDNA

reversd

com genoma da

célula hospedeira

N Translation
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Retrovirus- Producdo e uso de vetores
retrovirais

DNA do retrovirus | |
0-0! 99 g LV LTRI “. mlll!lo e

9.7 kb Transcriptase [ \ml'lll_!)

DNA do vetor retroviral % Gt i i |

5'-[BL] Genteraptutko [RT1. 3’
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Retrovirus- Vantagens

71 Integram-se ao genoma do hospedeiro;

1 Expressdo estdvel do transgene com
efeito da modificacdo por longos
periodos;

[ ] o N

- Elevada eficiéncia na transferéncia;

Fabiana T.M.C. Vicentini



Lentivirus

Subclasse de retrovirus;
Relacionados a doengas graves (HIV);

Expressa um complexo que controla fungdes
importantes no nidcleo das células infectadas;

Capazes de se replicarem em células que ndo estejam
em divisdo, resultando na duragdo da infecgcdo por
toda a vida do hospedeiro;

Além dos genes retrovirais tipicos (gag, pol e env)
HIV-1 sintetiza 6 proteinas acessério (Tat, Rev, Nef, Vif,
Vpr e Vpu) que modulam a transcri¢cdo, replicacdo e

persisténcia viral
Fabiana TM.C. Vicentini " g
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Table 1| Gene therapy drugs launched in the market

Product Vector type Application Highest phase Gene Organization
Gendicine Adenovirus Cancer, head and neck Launched 2004 p53 SiBiono
(squamous cell carcinoma)
Oncorine Adenovirus Cancer, rhinopharyngeal Launched 2006 p53 Shanghai Sunway Biotech
DeltaRex-G Retroviral Cancer, solid tumor Launched 2007 Dominant-negative mutant of Epeius Biotechnologies
cyclin G1
Neovasculogen DNA plasmid Peripheral arterial disease Launched 2012 VEGF Human Stem Cells
Institute
Imlygic Herpes simplex Melanoma, metastatic Launched 2015 GM-CSF Amgen
virus 1
Strimvelis Retroviral Adenosine deaminase Launched 2016 Adenosine deaminase Orchard Therapeutics
deficiency
Invossa Retroviral Osteoarthritis, knee Launched 2017 Transforming growth factor betal  Kolon Life Science
(TGF-b1)
Zalmoxis Retroviral Hematologic, blood cancer Launched 2017 HSV-TK/Neo fusion suicide gene ~ MolMed
Kymriah Lentiviral Leukemia, acute lymphocytic Launched 2017 CART-19 Novartis
Lymphoma, diffuse large B-cell  Launched 2018 CART-19
Leukemia, B-cell acute Launched 2019 CART-19
lymphocytic
Yescarta Retroviral Lymphoma, B-cell, diffuse large Launched 2017 CART-19 Kite Pharma
B-cell, primary mediastinal
large B-cell
Spinraza No vector Spinal muscular atrophy Launched 2017 SMN2-directed antisense Biogen
oligonucleotide
Glybera Adeno-associated Lipoprotein lipase deficiency Withdrawn 2017 Lipoprotein lipase Chiesi Farmaceutici
Luxturna Adeno-associated Retinal dystrophy Launched 2018 Retinal pigment epithelium- Spark Therapeutics
specific (RPE65)
Zolgensma Adeno-associated  Spinal muscular atrophy type 1 Launched 2019 Survival motor neuron 2 (SMN2)  AveXis
Collategene DNA plasmid Critical limb ischemia Registered 2019 Hepatocyte growth factor AnGes
Lentiglobin Lentiviral Thalassemia, beta (major) Registered 2019 Hemoglobin subunit beta bluebird bio




Adenovirus

-1 Virus icosaédrico ndo-envelopado
1 Genoma linear composto por DNA fita dupla (dsDNA)

1 Genoma viral — 2 regides principais compostas por
fases abertas de leitura (“Open Reading Frames”- ORFs)
que codificam as proteinas virais:

11 E (early)-codifica proteinas envolvidas na replicagdo
viral; L (late) - codifica proteinas estruturais

4 Ela Elb L1 L2 L3 L4 E3 LS5
I — ) ?

S ————————————————————————————————————————————— ", ’
E2b E2a E4
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Adenovirus

® Vetores de DNA mais

utilizados;
o
© Aplicacdo na . N

transferéncia de genes
suicidas a tumores;

U.S. National Libran GG EG I

Fabiana T.M.C. Vicentini



Adenovirus- Desvantagens

Grande imunogenicidade — proteinas virais sdo
imunogénicas e podem induzir inflamacdo ndo especifica
e respostas celulares especificas;

Curto periodo de expressdo génica — os episomas sdo
perdidos entre 2 — 4 semanas, assim é necessdrio a
administracdo repetidag;

Sua eficdcia pode ser severamente prejudicada -
maioria das pessoas foram expostas ao adenovirus;

Baixa eficiéncia de transfecgdo do transgene in vivo

Fabiana T.M.C. Vicentini



Adenovirus- Producédo e uso de vetores
adenovirais

] Segunda geracdo: delecdes adicionais nas
regioes E2 e E4

® Permitir um aumento adicional da
capacidade do transgene para ~ 10-14 kb

* Reduzir a resposta imune do hospedeiro
mediada por proteina viral.

Fabiana T.M.C. Vicentini



Table 1| Gene therapy drugs launched in the market

Product

Gendicine

Oncorine
DeltaRex-G

Neovasculogen

Imlygic

Strimvelis

Invossa

Zalmoxis

Kymriah

Yescarta

Spinraza

Glybera

Luxturna

Zolgensma
Collategene

Lentiglobin

Vector type Application Highest phase Gene Organization
Adenovirus Cancer, head and neck Launched 2004 p53 SiBiono
(squamous cell carcinoma)
Adenovirus Cancer, rhinopharyngeal Launched 2006 p53 Shanghai Sunway Biotech
Retroviral Cancer, solid tumor Launched 2007 Dominant-negative mutant of Epeius Biotechnologies
cyclin G1

DNA plasmid Peripheral arterial disease Launched 2012 VEGF Human Stem Cells
Institute

Herpes simplex Melanoma, metastatic Launched 2015 GM-CSF Amgen

virus 1

Retroviral

Retroviral

Retroviral

Lentiviral

Retroviral

No vector

Adeno-associated

Adeno-associated

Adeno-associated
DNA plasmid

Lentiviral

Adenosine deaminase
deficiency

Osteoarthritis, knee

Hematologic, blood cancer
Leukemia, acute lymphocytic
Lymphoma, diffuse large B-cell

Leukemia, B-cell acute
lymphocytic

Lymphoma, B-cell, diffuse large
B-cell, primary mediastinal
large B-cell

Spinal muscular atrophy

Lipoprotein lipase deficiency

Retinal dystrophy

Spinal muscular atrophy type 1
Critical limb ischemia

Thalassemia, beta (major)

Launched 2016

Launched 2017

Launched 2017
Launched 2017
Launched 2018
Launched 2019

Launched 2017

Launched 2017

Withdrawn 2017
Launched 2018

Launched 2019
Registered 2019
Registered 2019

Adenosine deaminase

Transforming growth factor betal
(TGF-b1)

HSV-TK/Neo fusion suicide gene
CART-19
CART-19
CART-19

CART-19

SMN2-directed antisense
oligonucleotide

Lipoprotein lipase

Retinal pigment epithelium-
specific (RPE65)

Survival motor neuron 2 (SMN2)
Hepatocyte growth factor

Hemoglobin subunit beta

Orchard Therapeutics

Kolon Life Science

MolMed

Novartis

Kite Pharma

Biogen

Chiesi Farmaceutici

Spark Therapeutics

AveXis
AnGes
bluebird bio



Adeno-associados=- Esirutura

Genoma é composto de uma molécula de DNA fita
simples (ssDNA) de ~5 kb com repeti¢coes terminais
invertidas (ITRs);

Contem duas ORFs: codificam uma proteina
regulatéria (rep) e outra estrutural (cap);

ITRs sdio os Unicos elementos dos AAV mantidos no
vetor;

Integracdo em células humanas infectadas é
normalmente no cromossomo 19

Fabiana T.M.C. Vicentini



Adeno-associados- Vantagens

Integragdo sitio-especifica;
Tropismo ampliado;

Auséncia de patogenicidade — Capsideo do
AAV exibe baixa imunogenicidade;

Alta grau de estabilidade fisica e quimica
mesmo em T > 60° C por longos periodos de
tempo;

Replicagdo incompetente natural;

Nenhuma relagdo com doengas humanas;
Fabiana T.M.C. Vicentini



Adeno-associados

ﬁ AdV helper functions

AAV-2 rep § AAV-2 cap

_H_ AAV-2 helper plasmid

p\\\//,/,

AAV-1 Omu AAV-2 Cap >>< m Omu AAV-6 Omu AAV-8 Omu AAV-9 Cap

vvvvvvvvvv
< 2T 2T T T LT I
vvvvvvvvvv
\\\\\\\\\

rAAV-2/1 _,>>< 2 rAAV-2/5 q>>< 2/6 _‘>>< 2/8 _.>>< 2/9

\/

CNS, CNS retina, airway  skeletal liver myocard,
skeletal muscle epithelium muscle skeletal muscle
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Adeno-associados=- Perspectivas
Futuras

Capsideos de AAV

Ubiquitinagcdo e Degradacdo

Ndo atingem o nucleo

A 4

Estratégias de protecdo

Aumento na estabilidade do
vetor

mXmemmmO 0_0 ._.qQSQOsm
Fabiana T.M.C. Vicentini



Herpesvirus

0 Tropismo pelo
sistema nervoso

central;
ke 0 Genoma linear
5. .“./. ,. . /___ glycoprotein complex T com ﬁom._.o Uo r

Uil glycoprotein complex ITT O_ S UZ> !
coih o ODNA - 152 kb;
0 Transgene 40-50 kb

Fabiana T.M.C. Vicentini




Table 1| Gene therapy drugs launched in the market

Product Vector type Application Highest phase Gene Organization
Gendicine Adenovirus Cancer, head and neck Launched 2004 p53 SiBiono
(squamous cell carcinoma)
Oncorine Adenovirus Cancer, rhinopharyngeal Launched 2006 p53 Shanghai Sunway Biotech
DeltaRex-G Retroviral Cancer, solid tumor Launched 2007 Dominant-negative mutant of Epeius Biotechnologies
cyclin G1
Neovasculogen DNA plasmid Peripheral arterial disease Launched 2012 VEGF Human Stem Cells
Institute
Imlygic Herpes simplex Melanoma, metastatic Launched 2015 GM-CSF Amgen
virus 1
Strimvelis Retroviral Adenosine deaminase Launched 2016 Adenosine deaminase Orchard Therapeutics
deficiency
Invossa Retroviral Osteoarthritis, knee Launched 2017 Transforming growth factor betal  Kolon Life Science
(TGF-b1)
Zalmoxis Retroviral Hematologic, blood cancer Launched 2017 HSV-TK/Neo fusion suicide gene  MolMed
Kymriah Lentiviral Leukemia, acute lymphocytic Launched 2017 CART-19 Novartis
Lymphoma, diffuse large B-cell Launched 2018 CART-19
Leukemia, B-cell acute Launched 2019 CART-19
lymphocytic
Yescarta Retroviral Lymphoma, B-cell, diffuse large Launched 2017 CART-19 Kite Pharma
B-cell, primary mediastinal
large B-cell
Spinraza No vector Spinal muscular atrophy Launched 2017 SMN2-directed antisense Biogen
oligonucleotide
Glybera Adeno-associated Lipoprotein lipase deficiency Withdrawn 2017 Lipoprotein lipase Chiesi Farmaceutici
Luxturna Adeno-associated Retinal dystrophy Launched 2018 Retinal pigment epithelium- Spark Therapeutics
specific (RPE65)
Zolgensma Adeno-associated Spinal muscular atrophy type 1 Launched 2019 Survival motor neuron 2 (SMN2)  AveXis
Collategene DNA plasmid Critical limb ischemia Registered 2019 Hepatocyte growth factor AnGes
Lentiglobin Lentiviral Thalassemia, beta (major) Registered 2019 Hemoglobin subunit beta bluebird bio




Ouvutros

*** Virus da estomatite vesicular;
*** Virus do sarampo;
** Poliovirus;

“*Virus da doengca de Newcastle

Fabiana T.M.C. Vicentini



Toxicidade do vetor viral
I =

Viral Toxicity
HDF
10.00
w800
i
.m 6.00
g 400
cL
&

¢

Control
Polybrene
AAN-S
LY

=47

Fabiana T.M.C. Vicentini
Teo, E.H. et al., 2009



SUCESSO

VIABILIDADE DE
IMPLEMENTACAO
COMERCIAL

Fabiana T.M.C. Vicentini



rocesso Produtivo de Vetores

Thorne et al. 2018

Virais

Cell Expansion

] —

¢

S

B — _— |
Rocking disposable Rocking disposable
Thaw Shake flask bioreactor bioreactor
Production o ,—
Control —
culture »
Degrade free Ad> 10)]
A 2 o
tes Jmes 1=
‘ I 8 o ﬁHw >
$ 1
Flow through AEX Depth filter Production Perfusion
(remove Ad5) (remove cellg) bioreactor (SUB) bioreactor (SUB)
— Purification
,,.,. ——
Concentrate Capture Heat inactivate Polish
Final Purification % ,—
NOn — — L 4 M
Bulk drug UFDF Tl
substance Formulation Final polish Viral filtration

Fig. 7 Overview of client 2,000-L scale manufacturing process for an AAV1 gene therapy vector Fabiana T.M.C. Vicentini




rocesso Produtivo de Vetores
Virais

Cell thaw
Suspension Adherent
A 4
Cell expansion Cell expansion
Shake flask, spinner flask, T-Flask, roller bottles,
rocking bioreactor, multi-layer tray, packed-
stirred-tank bioreactor bed, hollow-fiber
[ |
Serial passaging Serial passaging
of cells of cells

Initiate virus
production by:

S Chemical X O

induction

/~ Transfection = '

1-4 plasmids

Virus Infection Or
1-3 viruses

R <

Production
Multi-layer trays, packed
bed bioreactors, hollow-

fiber

L & |
Downstream
Processing

Production
Stirred tank bioreactor,
rocking bioreactor

Thorne et al. NO\_ m Fig. 4 Generalized example cell culture process flow for viral gene therapy products _HmU_mjm |_| _/\_ . O . <_Om3._“_ 3_



Processo Produtivo de Vetores
Virais

Desafios exclusivos de implementag¢do da
producdo em larga escala:

Contengdio viral — instalagdo adequada;

Nivel se biosseguranca 2 (BSL2 ou BSL2+)

Projeto de instalagdo (fluxo de ar) e
métodos de descontaminacdo

Fabiana T.M.C. Vicentini



CMOs

Equipamentos e materiais de uso Unico

[ ] o N

Maior produtividade, eficiéncia e
flexibilidade;
Contaminacdo cruzada

Fabiana T.M.C. Vicentini



Processo Produtivo de Vetores
Virais

Desafios exclusivos nas etapas de
Downstream:

Tamanho da particula: exigéncia de

processamento completamente asséptico;

Estresse operacional: Ex: retrovirus —

sensibilidade temperatura, pH extremo e

alta concentracgdo de sal;

Concentragdo de produtos virais - muito

baixa em massa

Fabiana T.M.C. Vicentini



