
 Ø
 A

gentes utilizados na transferência gênica 

Ø
 D

efinidos com
o os veículos que carregam

 a 
inform

ação genética terapêutica 
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.C
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 Ø
 Possibilidade de regular a expressão do gene 
exógeno no tem

po e/ou na quantidade; 

Ø
 Baixo custo; 

Ø
 Fácil produção e m

anipulação; 

Ø
 Baixa im

unogenicidade e citotoxicidade; 

Vetor ideal 
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.C
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Thorne et al. 2018 

publicized
setbacks

early
on,

such
as

a
d
eath

from
a
severe

im
m
une

reaction
to

an
adenov

irus
vector

in
an

O
T
C
clinical

trial
[1
]
and

developm
ent

of
leuk

em
ia

from
insertion

al
oncogen

esis
by

a
retroviral

vector
in

a
S
C
ID

trial
[2
].
R
ecent

notable
positiv

e
clinical

outcom
es

in
late

stage
clinical

trials
have

been
reported

for
a
w
ide

range
of

disease
indications

including
rare,

m
ono

genic
diseases

such
as

L
eber’s

C
ongenital

A
m
aurosis

T
y
pe

2,X
-linked

severe
com

bined
im

m
u
nodefi

ciency,adre-
noleuk

odystroph
y
and

com
m
on

oncological
indications

such
as

acute
lym

phocytic
leukem

ia
and

chronic
lym

phocytic
leuk

em
ia
[3
].
S
ince

1989
there

have
been

m
ore

than
2,200

gene
therapy

clinical
trials

appro
ved

globally,
w
ith

over
200

in
the

last

Transduce

Viral vector
production

N
on-viral vector

production

O
R

Viral vector
production

N
on-viral vector 

production

O
R

Ex vivo
In vivo

Collect 
patient cells

Adm
inister 

transduced cells

Direct
adm

inistration

F
ig.

1
E
x
vivo

and
in

vivo
approaches

to
gene

therapy

F
ig.

2
V
iral

and
non-viral

vectors
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som
atic
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gene

therapy
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v
  N

ão-virais ou Sintéticos – dependem
 

da transferência direta da inform
ação genética na 

célula-alvo, e incluem
 D

N
A
 plasm

idial, D
N

A
 nu ou 

D
N

A
 associado com

 algum
 sistem

a de liberação 
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 Ø
 C

om
preensão das vantagens e 

desvantagens de cada sistem
a; 

Ø
 Entendim

ento da patofisiologia da 
doença; 

Ø
 C

élula-alvo; 
Ø
 Tipo de aplicação;  

Fabiana T.M
.C

. Vicentini 



M
aiores dificuldades TG

 

Ø
 D

esign do vetor; 

Ø
 Regulação gênica; 

Ø
 Evitar resposta im

une 

Fabiana T.M
.C

. Vicentini 
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V
írus 

¨
 

Á
cido nucléico: m

olécula de D
N

A
 ou RN

A
 que constitui o genom

a viral. 
¨
 

C
apsídeo: envoltório protéico que envolve o m

aterial genético dos vírus. 
¨
 

N
ucleocapsídeo: estrutura form

ada pelo capsídeo associado ao ácido nucléico 
que ele engloba. 

¨
 

C
apsôm

eros: subunidades proteícas que agregadas constituem
 o capsídeo. 

¨
 

Envelope: m
em

brana rica em
 lipídios que envolve a partícula viral 

externam
ente. D

eriva de estruturas celulares, com
o m

em
brana plasm

ática e 
organelas. 

¨
 

Peplôm
eros: estruturas proem

inentes, geralm
ente constituídas de glicoproteínas e 

lipídios, que são encontradas ancoradas ao envelope, expostas na superfície. 
Fabiana T.M

.C
. Vicentini 



1. A
dsorção 

Interação entre proteínas virais, 
presentes no envelope ou no 
capsídeo, e receptores celulares 
que se encontram

 ancorados a 
m

em
brana plasm

ática, expostos 
ao am

biente extracelular 

Fabiana T.M
.C
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2. Entrada 
M

ecanism
o particular para 

cada vírus 

Principais m
ecanism

os estão:   
•  Endocitose; 
•  Fusão; 
•  Translocação; 

Fabiana T.M
.C
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2. Entrada-Fusão 
Entrada por fusão 
de m

em
branas 

(1) D
ireta: fusão do 

envelope viral com
 a 

m
em

brana plasm
ática, a 

partir do m
eio 

extracelular; 
 (2) Indireta: sofrendo um

a 
endocitose inicial com

 
posterior fusão já no 
interior da célula 

Endocitose seguida por 
fusão de m

em
branas 
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.C
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Replicação V
iral 

1. A
dsorção; 

2. Entrada; 
3. D

esnudam
ento; 
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Replicação V
iral 

1. A
dsorção; 

2. Entrada; 
3. D

esnudam
ento; 

4. Transcrição e tradução; 
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Replicação V
iral 

1. A
dsorção; 

2. Entrada; 
3. D

esnudam
ento; 

4. Transcrição e 
tradução; 

  

5. Replicação do 
genom

a; 

6. M
ontagem

;   
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Vetores V
irais 
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Vetores V
irais 

¨
 D

eleção de genes virais indispensáveis para a 
proliferação viral 

¨
 Substituição destes por genes de interesse 
terapêutico 

   Possibilidade de separar os com
ponentes 

necessários para a replicação daqueles que 
causam

 doenças 

 
Fabiana T.M
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Vetores V
irais 

 
M

ais utilizados   
• A

lta eficiência de transdução 

O
bjetivo terapêutico da TG

  
• Expressão desejada pode ser 

transiente ou perm
anente 

Fabiana T.M
.C

. Vicentini 



Vetores V
irais - D

esvantagens 

¨
 Lim

itação no tam
anho dos genes 

que o vírus pode levar; 
 ¨
 D

ificuldade de padronização da produção de 
partículas virais em

 cultura de células; 
 ¨
 C

usto m
ais elevado quando com

parado com
 

produção de D
N

A
 plasm

idial 
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�
  D

iversidade de patologias que são alvos 
potenciais da TG

 
�
  N

atureza heterogênea dos vetores virais 

               Ú
nico vetor m

ais adequado
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2
years

(F
ig
.
3
).
H
ow

ever,
despite

the
large

nu
m
bers

of
reco

m
binant

viral
vector

therapeutic
products

in
various

stages
of

clinical
trials,the

fi
eld

is
still

in
its

infancy
in

term
s
of

appro
ved

com
m
ercial

products
and

to
date

there
are

only
six

licensed
products

in
m
ajor

developed
m
arkets

(N
orth

A
m
erica,

E
U
,
Japan)

and
nine

glob-
ally.

O
f
these,

fi
ve

are
viral-based

therapies
(T
able

1
).

B
ased

on
the

clinical
effi

cacy
dem

onstrated
in

m
ultiple

late-stage
clinical

trials
using

v
iral

gene
therapy

vectors,
it
is
anticipated

that
m
ore

program
s
can

advance
through

licensure
stages

and
em

erge
as

attractive
therapeutic

options
for

m
an
y

devastating
indications

thatcurrently
have

no
cure

in
com

ing
years.A

lthough
m
any

of
these

are
for

orphan
indications

w
ith

sm
all

m
arket

sizes,
the

requirem
ent

for
vector

do
sage

w
ould

still
be

potentially
high,

especially
for

therapeutic
indications

w
here

high
vecto

r
doses

based
on

per
kilogram

of
body

w
eightare

required
[4
].T

he
increasing

dem
and

of
vector

dosage
in

clinic
inev

itably
poses

challenges
for

the
current

viral
vector

m
anufacturing

capacity
and

critical
issues

related
to

vector
safety

profi
les

and
m
anufacturability

need
to

be
adequately

addressed
before

viral-
based

gene
therapy

is
considered

as
a
routine

therapy.
G
iven

the
d
iversity

of
patholog

ies
that

are
potential

targets
of

gene
therapy

and
the

heterogenic
nature

of
viral

vectors
that

are
applied

as
gene

delivery
vehicles,

it
is

unlikely
that

any

b
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T
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w
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Principais vetores virais 

Silva, C
.L. et al., 2008 
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.C
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�
 G

enom
a contém

 duas cópias de RN
A

, com
 um

a ou 
m

ais regiões codificadoras juntam
ente com

 os 
elem

entos de controle viral, cham
ados de 

“Repetições term
inais longas” (LTR); 

�
 Sim

ples – som
ente contém

 genes essenciais m
ínim

os: 
gag, pol e env; 

�
 C

om
plexos – contém

 tam
bém

 proteínas regulatórias 
adicionais necessárias para replicação e 
persistência do vírus; 

 

Retrovírus- Estrutura 
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Entrada na célula 
RN

A
 genôm

ico é 
convertido em

 cD
N

A
 

pela transcriptase 
reversa 

Integração do cD
N

A
 

com
 genom

a da 
célula hospedeira 

Retrovírus- C
iclo de vida 
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.C
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Retrovírus- Produção e uso de vetores 
retrovirais 
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.C
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¨
 Integram

-se ao genom
a do hospedeiro; 

 ¨
 Expressão estável do transgene com

 
efeito da m

odificação por longos 
períodos; 

 ¨
 Elevada eficiência na transferência; 

Retrovírus- Vantagens 
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¨
 Subclasse de retrovírus; 

¨
 Relacionados a doenças graves (H

IV
); 

¨
 Expressa um

 com
plexo que controla funções 

im
portantes no núcleo das células infectadas; 

¨
 C

apazes de se replicarem
 em

 células que não estejam
 

em
 divisão, resultando na duração da infecção por 

toda a vida do hospedeiro; 
¨
 A

lém
 dos genes retrovirais típicos (gag, pol e env) 

H
IV-1 sintetiza 6 proteínas acessório (Tat, Rev, N

ef, V
if, 

V
pr e V

pu) que m
odulam

 a transcrição, replicação e 
persistência viral Lentivírus

 

Fabiana T.M
.C

. Vicentini 



153

feature

Institute (Russia). It consists of a plasm
id-

based vector encoding vascular endothelial 
growth factor (V

EG
F-165). The second 

product is Collategene, a D
N

A plasm
id 

encoding the hum
an hepatocyte growth 

factor (H
G

F) gene developed by AnG
es 

(Japan). The last product in the m
arket 

is Spinraza (nusinersen), an antisense 
oligonucleotide indicated for treatm

ent  
of spinal m

uscular atrophy in children  
and adults.

Even though there are m
any different 

approaches to the genetic m
odification of 

cells, the m
ost efficient way to introduce 

genetic m
aterial into cells rem

ains 
well represented by viral gene-delivery 
system

s, as reflected in the num
ber of 

launched products (Table 1). Viral vectors 
are efficient in generating persistently 
m

odified m
am

m
alian genom

es. H
owever, 

they also present several lim
itations and 

drawbacks. First, in the case of retroviral 
(including lentiviral) vectors, there is a 
risk of insertional m

utagenesis. Various 
studies have shown that integration 

target site selection is not random
3–5 and 

the viral vector targets som
e regions 

preferentially, generating cis-activation 
of proto-oncogenes or suppression of 
tum

or-suppressor genes, as well as trans-
activation of endogenous genes due to 
their interaction with viral proteins. 
Second, with viral vectors, there is a risk 
of an im

m
une response and enhanced 

inflam
m

ation. Several m
echanism

s m
ay 

explain the im
m

unogenicity of viral vectors. 
For exam

ple, viral D
N

A is m
ore prone to 

be recognized by the cellular RN
A-D

N
A 

sensing system
6. N

uclear and cytosolic 
proteins can bind ‘non-self’ D

N
A or RN

A 
and trigger the innate im

m
unity of cells, 

which leads to the epigenetic silencing of 
the viral D

N
A, inducing cell death and the 

activation of adaptive im
m

unity
7. Third, 

viral D
N

A is prone to epigenetic silencing 
when it is introduced as foreign D

N
A in 

m
am

m
alian cells 6,7. Fourth, the substantially 

higher costs required for viral production
8 

hinder translation of additional viral vector 
system

s into clinical applications.

Patents and trends related to non-viral 
vectors used for gene therapy
To provide a patent landscape and to 
identify technologies that use non-viral 
vectors, we perform

ed search queries using 
D

erwent Innovation and PatSnap to assess 
the patenting trend in the technology field 
for non-viral vectors (Fig. 3a). The patent 
applications follow the sam

e pattern seen in 
our search query of scientific publications. 
The highest volum

e of applications was 
observed in the early 2000s, followed 
by a decrease in the years that followed. 
A geographic breakdown showed the 
distribution of the patents in the technology 
fields across different jurisdictions. The 
United States is the country with the m

ost 
(24.04%

) patents first deposited, followed by 
Europe and China (Fig. 3b).

To understand how the different 
applications of using non-viral vectors 
for gene therapy have changed over tim

e 
in term

s of the direction of technology 
and investm

ent trends, we analyzed the 
annual International Patent Classification 

Table 1 | G
ene therapy drugs launched in the m

arket

Product
Vector type

A
pplication

H
ighest phase

G
ene

O
rganization

G
endicine

A
denovirus

Cancer, head and neck 
(squam

ous cell carcinom
a)

Launched 2004
p53

SiBiono

O
ncorine

A
denovirus

Cancer, rhinopharyngeal
Launched 2006

p53
Shanghai Sunw

ay Biotech
D

eltaRex-G
Retroviral

Cancer, solid tum
or

Launched 2007
D

om
inant-negative m

utant of 
cyclin G

1
Epeius Biotechnologies

N
eovasculogen

D
N

A
 plasm

id
Peripheral arterial disease

Launched 2012
V

EG
F

H
um

an Stem
 Cells 

Institute
Im

lygic
H

erpes sim
plex 

virus 1
M

elanom
a, m

etastatic
Launched 2015

G
M

-CSF
A

m
gen

Strim
velis

Retroviral
A

denosine deam
inase 

deficiency
Launched 2016

A
denosine deam

inase
O

rchard Therapeutics

Invossa
Retroviral

O
steoarthritis, knee

Launched 2017
Transform

ing grow
th factor beta1 

(TG
F-b1)

Kolon Life Science

Zalm
oxis

Retroviral
H

em
atologic, blood cancer

Launched 2017
H

SV-TK/N
eo fusion suicide gene

M
olM

ed
Kym

riah
Lentiviral

Leukem
ia, acute lym

phocytic
Launched 2017

CA
RT-19

N
ovartis

Lym
phom

a, diffuse large B-cell
Launched 2018

CA
RT-19

Leukem
ia, B-cell acute 

lym
phocytic

Launched 2019
CA

RT-19

Yescarta
Retroviral

Lym
phom

a, B-cell, diffuse large 
B-cell, prim

ary m
ediastinal 

large B-cell

Launched 2017
CA

RT-19
Kite Pharm

a

Spinraza
N

o vector
Spinal m

uscular atrophy
Launched 2017

SM
N

2-directed antisense 
oligonucleotide

Biogen

G
lybera

A
deno-associated

Lipoprotein lipase deficiency
W

ithdraw
n 2017

Lipoprotein lipase
Chiesi Farm

aceutici
Luxturna

A
deno-associated

Retinal dystrophy
Launched 2018

Retinal pigm
ent epithelium

-
specific (RPE65)

Spark Therapeutics

Zolgensm
a

A
deno-associated

Spinal m
uscular atrophy type 1

Launched 2019
Survival m

otor neuron 2 (SM
N

2)
AveXis

Collategene
D

N
A

 plasm
id

Critical lim
b ischem

ia
Registered 2019

H
epatocyte grow

th factor
A

nG
es

Lentiglobin
Lentiviral

Thalassem
ia, beta (m

ajor)
Registered 2019

H
em

oglobin subunit beta
bluebird bio

N
ATU

RE BIO
TECH

N
O
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¨
 V

írus icosaédrico não-envelopado 
¨
 G

enom
a linear com

posto por D
N

A
 fita dupla (dsD

N
A

) 
¨
 G

enom
a viral – 2 regiões principais com

postas por 
fases abertas de leitura (“O

pen Reading Fram
es”- O

RFs) 
que codificam

 as proteínas virais: 
¨
 E (early)-codifica proteínas envolvidas na replicação 
viral;  L (late) - codifica proteínas estruturais 

A
denovírus 
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�
 Vetores de D

N
A

 m
ais 

utilizados; 
 �
 A

plicação na 
transferência de genes 
suicidas a tum

ores; 

A
denovírus 
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¨
 G

rande im
unogenicidade – proteínas virais são 

im
unogênicas e podem

 induzir inflam
ação não específica 

e respostas celulares específicas; 
¨
 C

urto período de expressão gênica – os episom
as são 

perdidos entre 2 – 4 sem
anas, assim

 é necessário a 
adm

inistração repetida; 
¨
 Sua eficácia pode ser severam

ente prejudicada - 
m

aioria das pessoas foram
 expostas ao adenovírus; 

¨
 Baixa eficiência de transfecção do transgene in vivo 

A
denovírus- D

esvantagens 
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.C

. Vicentini 



A
denovírus- Produção e uso de vetores 

adenovirais 

Fabiana T.M
.C

. Vicentini 

q
  Segunda geração: deleções adicionais nas 

regiões E2 e E4  

§ 
Perm

itir um
 aum

ento adicional da 
capacidade do transgene para ~

 10-14 kb 
§ 

Reduzir a resposta im
une do hospedeiro 

m
ediada por proteína viral.  
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growth factor (V

EG
F-165). The second 

product is Collategene, a D
N

A plasm
id 

encoding the hum
an hepatocyte growth 

factor (H
G

F) gene developed by AnG
es 

(Japan). The last product in the m
arket 

is Spinraza (nusinersen), an antisense 
oligonucleotide indicated for treatm

ent  
of spinal m

uscular atrophy in children  
and adults.

Even though there are m
any different 

approaches to the genetic m
odification of 

cells, the m
ost efficient way to introduce 

genetic m
aterial into cells rem

ains 
well represented by viral gene-delivery 
system

s, as reflected in the num
ber of 

launched products (Table 1). Viral vectors 
are efficient in generating persistently 
m

odified m
am

m
alian genom

es. H
owever, 

they also present several lim
itations and 

drawbacks. First, in the case of retroviral 
(including lentiviral) vectors, there is a 
risk of insertional m

utagenesis. Various 
studies have shown that integration 

target site selection is not random
3–5 and 

the viral vector targets som
e regions 

preferentially, generating cis-activation 
of proto-oncogenes or suppression of 
tum

or-suppressor genes, as well as trans-
activation of endogenous genes due to 
their interaction with viral proteins. 
Second, with viral vectors, there is a risk 
of an im

m
une response and enhanced 

inflam
m

ation. Several m
echanism

s m
ay 

explain the im
m

unogenicity of viral vectors. 
For exam

ple, viral D
N

A is m
ore prone to 

be recognized by the cellular RN
A-D

N
A 

sensing system
6. N

uclear and cytosolic 
proteins can bind ‘non-self’ D

N
A or RN

A 
and trigger the innate im

m
unity of cells, 

which leads to the epigenetic silencing of 
the viral D

N
A, inducing cell death and the 

activation of adaptive im
m

unity
7. Third, 

viral D
N

A is prone to epigenetic silencing 
when it is introduced as foreign D

N
A in 

m
am

m
alian cells 6,7. Fourth, the substantially 

higher costs required for viral production
8 

hinder translation of additional viral vector 
system

s into clinical applications.

Patents and trends related to non-viral 
vectors used for gene therapy
To provide a patent landscape and to 
identify technologies that use non-viral 
vectors, we perform

ed search queries using 
D

erwent Innovation and PatSnap to assess 
the patenting trend in the technology field 
for non-viral vectors (Fig. 3a). The patent 
applications follow the sam

e pattern seen in 
our search query of scientific publications. 
The highest volum

e of applications was 
observed in the early 2000s, followed 
by a decrease in the years that followed. 
A geographic breakdown showed the 
distribution of the patents in the technology 
fields across different jurisdictions. The 
United States is the country with the m

ost 
(24.04%

) patents first deposited, followed by 
Europe and China (Fig. 3b).

To understand how the different 
applications of using non-viral vectors 
for gene therapy have changed over tim

e 
in term

s of the direction of technology 
and investm

ent trends, we analyzed the 
annual International Patent Classification 
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