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v’ Os vetores virais sio uma ferramenta promissora para a
entrega eficaz de material genético em células.
v Consideram a capacidade natural de um virus de transmitir a

carga genética para as células
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Herpes virus (HSV)
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Retroviridae

SIZE

GENOME

PACKAGING
CAPACITY

TRANSDUCTION

TRANSDUCTION
EFFICIENCY

INTEGRATION

EXPRESSION

BIOSAFETY LEVEL

IMMUNOGENICITY

GENE THERAPY
STRATEGY

ADENOVIRUS

~90-100 nm
dsDNA

~8 kb - 36 kb

Dividing and non-
dividing cells

High
Non-integrating
Transient
BSL-2
High

In vivo

~25 nm
ssDNA

~4.7 kb

Dividing and non-
dividing cells

Moderate
Non-integrating
Transient or stable
BSL-1
Low

In vivo

y-RETROVIRUS

~80-100 nm

ssRNA

10 kb
Dividing cells
Moderate

Integrating
Stable
BSL-2

Moderate-High

Ex vivo

LENTIVIRUS

~80-100 nm
ssRNA

8 kb

Dividing and non-
dividing cells

Moderate

Integrating
Stable
BSL-2

Moderate-High

Ex vivo



ADENOVIRUS

v" DNA, 26 a 45 kb, flanqueado por ITR (inverted terminal repeats)

v" DNA encapsulado em um icosaédrico ndo envelopado

v' Capsideo (tamanho de 90 nm de didmetro).

v" Mais usado é o Ad5

v" Permanece epissomal
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ADENOVIRUS

Vantagens Desvantagens
v Empacota cerca de 30 kb v’ Alta resposta imune do hospedeiro
v’ Epissomal. contra o capsideo, resultando em
v' Dividing and non dividing cells toxicidade e morte das células

transduzidas
v’ Estratégia para diminuir resposta
imune: uso com PEG, polietileno glicol

_ e imunossupressores
v" Vacinas
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AAV

Parvovirus ndo patogénico/ helper-Ad dependent virus

Composto de uma fita simples de 4,7 kb

DNA encapsulado em um icosaédrico nao envelopado

Capsideo (tamanho de 20 a 25 nm de diametro).

Adsorcdo em acido sidlico, galactose, ou heparan sulfato e proteinas (AAV receptor- AAVR)

AAVS (figado); AAV1 e AAV5 em SNC (Asokan, Schaffer, & Samulski, 2012
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v' O genoma viral é composto por trés genes: Rep, Cap e AAP, flanqueado por terminal invertido

repeticoes (ITRs) que funcionam como o virus origem de replicacao e o sinal de empacotamento.

* REP: genes que codificam proteinas
ndo estruturais, relacionados a
replicacdo

* Cap: genes que codificam proteinas
estruturais

* AAP: genes associados a montagem
(assembly activating protein)

Capsid \

=
Viral

DNA AAV

Replication and
packaging

Viral capsid

Accessory
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~4.7 kb
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Vantagens

Nao patogénico ou citotoxico

In vivo é pouco imunogénico
Epissomal persite por longos periodos
em células que nao se dividem

Low integration rate: baixa

tumorigenicidade (mutagénese)

AAV
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Desvantagens

v' Empacota <5 kb

Uso
v' Gene replacement in vivo (gene
theraphy)
v Knock in ou knoch down
v' Hemofilia, cegueira, neurobiologia e

anatomia do SNC (Sizemore, Seeger-Armbruster,

Hughes, & Parr-Brownlie, 2016)
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RETROVIRUS

SSRNA, 2 copias de RNA +

Composto de uma fita simples de 4,7 kb

DNA encapsulado em um icosaédrico envelopado

Capsideo e envolope (tamanho de 80 a 120 nm de diametro).

Lentivirus (non-dividing cells) HIV, gamma retrovirus (dividing cells) Moloney Murine Leukenia

Virus (MoMLV). Feline Immunodeficiency Virus (FIV), and Equine Infectious Anaemia Virus (EIAV)
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RETROVIRUS

v' 0 genoma viral é composto por trés

genes: gag, pol e env e genes
Retrovirus

_ _ 5LTR PBS 3'LTR
and vif) flanqueados por terminal PBS ,

acessorios (tat, rev, vpr, vpu, nef,

longo invertido repeticdes (LTRs)

v Trasncriptase reversa faz cDNA

Accessory genes
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RETROVIRUS

Vantagens Desvantagens
v’ Empacota cerca de 9kb v' Pode ser silenciado
v" Integra no genoma, long-term gene v Integra no genoma, mutagénese
expression.
Uso

v Exvivo delivery (gene theraphy)
v Doencas do sangue, SNC, metabdlicas

v" CARs terapia anti cancer (leucemia)
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Make CAR T cells in the lab
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Retroviridae

LENTIVIRUS

SIZE

GENOME

PACKAGING
CAPACITY

TRANSDUCTION

TRANSDUCTION
EFFICIENCY

INTEGRATION

EXPRESSION

BIOSAFETY LEVEL

IMMUNOGENICITY

GENE THERAPY
STRATEGY

~90-100 nm
dsDNA

~8 kb - 36 kb

Dividing and non-
dividing cells

High
Non-integrating
Transient
BSL-2
High

In vivo

~25 nm
ssDNA

~4.7 kb

Dividing and non-
dividing cells

Moderate
Non-integrating
Transient or stable
BSL-1
Low

In vivo

~80-100 nm

ssRNA

10 kb
Dividing cells
Moderate

Integrating
Stable
BSL-2

Moderate-High

Ex vivo

~80-100 nm
ssRNA

8 kb

Dividing and non-
dividing cells

Moderate
Integrating
Stable
BSL-2

Moderate-High

Ex vivo T



Helper- .
MoMLV - . Recombinant HSV
Vector retroviral Lentiviral Adenoviral gdem:zr:: HSV amplicon AAV
| Family Retrovindae | Retrovindae | Adenoviridae | Adenoviridae | Herpesviridae | Herpesviridae | Parvoviridae
Particle size (nm) 100 100 70-120 70-120 120-300 120-300 20-25
(_)argo i RNA BNA dsDNA dsDNA dsDNA dsDNA ssDNA
rackagig bapacty | 7. 79 810 Upto 36 30-50 Upto 150 48
Vector yield
(transducing units 1.00E+09 1.00E+09 1.00E+12 1.00E+12 1.00E+11 1.00E+08 1.00E+13
mi-1)
Chromosomal
integrati on_‘? Yes Yes No No No No No
Oncolytic? No No Yes/no No Yes/no No No
Infects post-mitotic
cells? No Yes Yes Yes Yes Yes Yes
Risk of oncogene
aciivalion? Yes Yes No No No No No
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Non-viral delivery cells isolated from

system patient .
Nanoparticles that can
potentially be used for HCC gene
therapy
cells modified in vitro
®e
o ) oo
Viral delivery — |
systems gy Modified cells injected back
WROUR, | into the patient

Viruses currently being used for

HCC gene therapy Y
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Ex-Vivo Gene Therapy - Cell-Based Delivery

1. Cellsare collected —— 2 patient's target cells
from blood or (e.g. stem cells or T cells) 3. A theraputic gene

bone marrow ) @ are isolated is packaged into a delivery
p o vehicle (vector), such as
an engineered virus

Q) 4. \ector is introduced
. - to the patient’s stem cells
5. Genetically modified cells P
are returned to the patient who may

require specific conditioning ) Boston Children Hospita



Como construir um vetor viral?

BOX 2. TRANSGENE EXPRESSION CASSETTES
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Retrovirus Vectors

us_[a[us} gag us_[rlus

Lentivirus Vectors

cPPT U3del
rsviemv [R[us | gag  H mre [JHPromoter) Transgene WPRE R|Us
AAV Vectors
ITR MR
I— Promoter Transgene Poly(A) -I
Adenovirus Vectors
Standard Ad vector
ITR ITR

Adenovirus genome carrying
deletion of different genes

Promoter /]
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Vetores com a expressao controlada
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v Os vetores virais sdo geneticamente modificados de modo que

seu capacidade de replicacao é prejudicada ou removida

Viral Theraputc  Viral
non expression  non
coding casselte  coding
Vector DNA _-:- .
___/ Essantial
viral
e —— i W
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——
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——l__ =Ena assembly
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Hybrid
5-LTR

vit/vpr/vpu tat/rev/nef
9a9 pol env || s-L7R
Matrix
Lipid membrane
Capsid
Envelope
Genome
Nucleocapsid
pol Enzymes
_J_' Transgene of Interest IR E::smfg
+
pol -
Packaging

plasmids
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Tripla
transfecc¢ao

Envelope Vector

A293T Cells /-\

E "'r.h»'iu"q aiE‘baE odr a

Transfer Vector Transfect Target Cells Packaging Vectorl(s)
*CONA, GRNA, or shANA
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- W | Gene of interest -

No Psi signal

Células empacotadoras
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Packaging
construct

Células empacotadoras

Viral genome

Parental virus

Structural proteins

Viral vector

2 Inverted repeats

2 Pathogenicity genes
= Promoter

[ Transgene

[ Poly(A)

[} Genes that encode
proteins requirad
for DNA replication

O Structural protein
genes

B Envelope gene from
an alternative serotype
or virus

Nature Reviews | Genetics
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2-3 days Transfection

1-2 days | Verify transient expression iy

2 weeks Antibiotic selection

we'”.Y_)' _X,‘C : _'
1-3 weeks Isolate single clones

170 kD=~
130 kD=

ol
1-2 weeks Screen single clones o

S5 D~
0D—
ISAD—
284D~

1540~

1 week Expand positive clones

2-3 days

Make frozen stock
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Producao de virus recombinantes em células empacotadoras e posterior infec¢ao na célula-alvo

O pd - mvese lansciptasanlegrase
T ov-enveope
o 93 - capsd
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Virus
recombinantes e
Vacinas

. . _ Profa. Patricia C. B.
Recombinant adenoviral genome containing Depto de Microbiol

Promoter, immunogen gene, polyA instead
of early viral proteins

Intramuscular
injection

Infection of cells (muscle)

Direct presentation

\ Virus-induced activation of innate signals

No viral particles formed
Apoptotic/
necrotic bodies
/"‘.- Secreted

antigens

Activation of
innate response
(macrophages,

APCs)

» Antigen presentation and cross-priming
» Generation of immune response (CD8+, CD4+ and antibodies)
» Destruction of infected cell

Current Opinion in Immunology

leltrﬁo Braga

ia- ICB/USP



CORONAVIRUS VACCINE CANDIDATES

peera VIRAL VECTOR
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pAAV = Rep‘ Cap Co-tranSfeCtion into Depto de Microbiologia- ICB/USP
PS5 P9 P40 packaging cell line

pAAV - Transgene

@ [ smmansgenem -

pAAV - Helper
- E2A - VA -

Coleta de virus recombinantes

Harvesting and purification
of virus
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Harvesting de virus
recombinantes

Conjugation of virus with
polypeptide

Conjugation of virus with
magnetic nanoparticles
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Virus encapsulated

into polymeric shell 3
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Recombinant Virus Plasmid Protein mMRNA Small Molecule miRNA

KLF4, SOX2, c-Myc, Nanog, Oct-3/4, LIN-28

Adult Fibroblast Cells

Reprogram Cells

Vetores virais para
reprogramacao de ¢

celulas iPS Cells
Ideal Entry
......................................... Polnts for
— /{N Transfection
- - Hematopoietic
Cardiomyocytes & Progenitor Cells

Adipocytes “ Pancreatic R-Cells
Neural Cells
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* Green fluorescent protein * Invitrodrug screening
* Red fluorescent protein * Intracellular drug screening
* Yellow fluorescent protein
* B-galactosidase Repo l’ter * Invivo parasite monitoring

* B-lactamase genes * Whole animal/organimaging

* High throughput screening

* Luciferase

* Chloramphenicol acetyl

* Invivo drug screening

* Vaccine efficacy testing

Vetores virais para transferase * Gene expression studies
marca¢ao de células \ / * Protein co-localization studies
Regulatory sequence to Reporter gene
be studied (e.g. encoding GFP or
(e.g. a gene’s promoter) luciferase)
DNA
!
- mRNA
v

A reporter protein
. Amount is easily measured
(e.g. GFP by fluorescence)
35



Profa. Patricia C. B. Beltrdo Braga

! . B > ' Depto de Microbiologia- ICB/USP

GFP ¥ ‘W GFP/ T

Mock /Mock/
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Imaging
To
Track
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Parkinson's disease | AAV AADC | NCT00229736
Pompe disease AAV GAA I, 1l NCT00976352
Pompe disease AAV GAA I NCT02240407
Spinal muscular

atrophy type 1 AAV SMN I NCT02122952

Disease Vector Transgene Phase Trlal code
Ex vive
Alzheimer's disease Retrovirus | NGF | Us-0322
Metachromatic . e
leukodystrophy Lentivirus | ARSA LN Biffiet al., 2013
Multiple sclerosis Retrovirus | MBP 1,1 US-0851
Wiskott-Aldrich e .
syndrome Lentivirus | WASP 1,1 Aiuti etal_, 2013
X-linked - Cartier et al.,
adrenoleukodystrophy Lentivirus | ABCD1 L 2009
In vive
AADC deficiency AAV AADC LN NCT01395641
N NCT00087789,
Alzheimer's disease AAV NGF 1,1 NCT00876863
Batten disease AAV CLN2 | NCT00151216
Batten disease AAV CLN2 1L NCT01414985
Canavan disease AAV ASPA I pooneetal,
Giant axonal
neuropathy AAV GAN | NCT02362438
Glioblastoma Oncolytic | _ | NCT01491893
poliovirus
Glioblastoma ) NCT00805376,
multiforme (GBM), %‘:ﬂ’\’,‘:ﬁls E | NCT01956734,
other gliomas NCT02197169
Glioblastoma
multiforme, other Retrovirus | CD 1, WAl :gg;ﬂg?g'
gliomas
Glioblastoma, other Oncolytic
| gliomas HSV - | NCT02031965
Glioblastoma, other Oncolytic | _ | NCT00028158,
| gliomas HSV NCT00157703
Leber's hereditary g
optic neuropathy AAV MT-ND4 | NCT02161380
Metachromatic
leukodystrophy AAV ARSA (] NCT01801709
MPS llIIA (Sanfilippo NCT01474343,
Disease Type A) ARV SGSH, SUMF1 |11l NCT02053064
. Y NCT00195143,
Parkinson’s disease AAV GAD 1L NCT00643890
. . NCT00252850,
Parkinson’s disease AAV NTRN 1L NCT00400634
. - . NCT00627588,
Parkinson's disease Lentivirus | TH, AADC, CH1 | LI NCT01856439
Parkinson’s disease AAV GDNF | NCT01621581
Parkinson’s disease AAV AADC L1 NCT02418598
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