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DEFINIÇÕES 

q  É o processo pelo qual a informação em uma fita de DNA é copiada em 
uma nova molécula de RNAm.  

O Que é transcrição?  

q  Transcrição é realizada por uma enzima denominada RNA polimerase e 
um conjunto de proteínas acessórias denominadas fatores de 
transcrição.  

Qual a enzima responsável pela transcrição?  



DEFINIÇÕES 

q  São as regiões codificantes de um RNA transcrito que são traduzidas 
em proteína.  

O Que é exon?  

q  Processo de modificação que ocorre no núcleo, durante o qual, os 
íntrons são removidos e permanecem somente os exons.  

O Que é "splicing"?  

q  "Splicing" produz uma molécula de RNA madura que é traduzida em 
proteína.  



q  Edição do RNA.  

q  Sítios alternativos de início da transcrição.  

Além do “splicing” alternativo, quais são os outros mecanismos que 
permitem que cada gene produzir mais de um variante de mRNA? 

q  Sítios alternativos de término da transcrição.  



Como podemos ter conhecimento do nível de complexidade do 
genoma?  

Uma simples sequência de genoma mostra a complexidade do 
mesmo? 

Transcriptoma 

QUESTÕES 



DEFINIÇÕES 

q  É o conjunto de todas moléculas de RNA mensageiro ou transcritos 
expressos por um organismo.  

O Que é transcriptoma?  

q  O termo transcriptoma pode também ser utilizado por uma célula em 
particular ou por um tecido específico.  

q  Ao contrário do genoma que é caracterizado por sua estabilidade, o 
transcriptoma muda ativamente.  

q  Por exemplo, de acordo com o estágio do desenvolvimento ou as 
condições ambientais.  



As diferentes células de um organismo compartilham o mesmo 
material genético? 

O que diferencia as células entre si? 



As diferenças entre as células são os genes que as mesmas 
expressam conforme o tipo celular e o estágio do desenvolvimento. 

Como podemos estudar os genes expressos por um tipo celular, ou 
um tecido específico ou em uma fase do desenvolvimento? 

Por meio da construção de bibliotecas contendo todos os genes 
expressos de um orgão ou uma fase do desenvolvimento. 



Como denomina-se esse tipo de biblioteca contendo todos os genes 
expressos em um orgão ou em um período do desenvolvimento ? 

Biblioteca de cDNA. 

O que precisamos para construir uma biblioteca de cDNA? 
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PASSO 1 – ISOLAMENTO DO mRNA 
UTILIZANDO UMA COLUNA DE ELUIÇÃO 



PASSO 2: SÍNTESE DE DNA PELA TRANSCRIPTASE 
REVERSA UTILIZANDO mRNA COMO MOLDE 



DEFINIÇÕES 

q  Conjunto de clones que representam os mRNAs expressos por 
determinado tipo de célula e em determinado período do 
desenvolvimento.  

O que é biblioteca de cDNA?  

q  A diversidade e abundância de cada mRNA é específica para cada RNA.  

O Conjunto de clones independentes é denominado BIBLIOTECA de 
cDNA. 



CONCEITOS RELATIVOS À BIBLIOTECA 
DE cDNA 

q  A abundância de determinado clone na biblioteca irá depender da 
abundância do mRNA na célula. 

q  Quanto maior a abundância de determinado mRNA, maior a 
facilidade para seu isolamento. 



MAPA CONCEITUAL DE BIBLIOTECA GENÔMICA E DE cDNA 



TIPOS DE GENES ALVOS IDENTIFICADOS PELA 
ANÁLISE DE TRANSCRIPTOMA DE CÉLULAS 

CANCERÍGENAS 



TIPOS DE GENES ALVOS IDENTIFICADOS PELA 
ANÁLISE DE TRANSCRIPTOMA DE CÉLULAS 

CANCERÍGENAS 

Espera-se idenficar novas vias de diagnóstico e realizar a predição 
sobre a resposta à drogas, conhecido como farmacogenômica. 
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Terapia 
Gênica 

Tratamento 

Gene 
doping 

Genótipo 



DEFINIÇÕES 

q  É o uso do DNA recombinante para tratar uma doença genética ou para 
modificar a célula de um paciente.  

O que é terapia gênica?  

q  Mapa genético ou o conjunto completo de genes de um organismo.  

O que é o genótipo?  

q  Conjunto de alelos de um organismo.  



DEFINIÇÕES 

q  Tem dois alelos em cada posição genética ou locus, um alelo herdado 
do pai e outro alelo herdado da mãe.  

O que é organismo diplóide?  

q  Cada par de alelos representa o genótipo de um gene específico.  

²  Genótipo homozigoto = tem dois alelos idênticos. 

²  Genótipo heterozigoto = tem dois alelos diferentes 

O que é o genótipo heterozigoto composto?  



DEFINIÇÕES 

q  Modificação do DNA de um atleta com a proposta de aperfeiçoamento 
do desempenho esportivo (contra ética esportiva).  

O que é “gene doping"?  

²  Drogas 

²  Farmacogenômica 

Outros termos associados com tratamento 

²  Bioética 

²  Fertilização in vitro 

²  Células tronco 



TIPOS DE TERAPIA GÊNICA 

q  Terapia Gênica Somática 

²  Modifica o DNA de células ou tecidos específicos do próprio 
indivíduo. 

q  Terapia Gênica de Linhagem germinativa 

²  Molécula de DNA do gameta, zigoto ou embrião em estágios iniciais 
e essa modificação será transmitida para gerações futuras. 



PRINCIPAIS PARÂMETROS (5) A SEREM ANALISADOS 
EM UM PROTOCOLO DE TERAPIA GÊNICA 

q  Escolha do Gene Terapêutico 

²  Gene codificante para proteína versus RNA não codificador 

q  Rota de administração 

²  Isolamento da célula do paciente seguida da transferência gênica no 
laboratório. 

Terapia Gênica ex-vivo 

²  Administração direta do gene no paciente. 

Terapia Gênica in-vivo 



PRINCIPAIS PARÂMETROS (5) A SEREM ANALISADOS 
EM UM PROTOCOLO DE TERAPIA GÊNICA 

q  Método de entrega do gene terapêutico: dependente do tipo de 
vetor utilizado 

²  Métodos físicos (eletroporação) ou químicos (lipídeos catiônicos). 

Transfecção 

²  Métodos Biológicos (vetores virais). 

Transdução 



PRINCIPAIS PARÂMETROS (5) A SEREM ANALISADOS 
EM UM PROTOCOLO DE TERAPIA GÊNICA 

q  Célula Alvo: dependente da doença genética 

q  Persistência da expressão do gene terapêutico 

q  Resposta imunológica a terapia gênica 



TIPOS DE VETORES VIRAIS PARA  
TERAPIA GÊNICA 
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a neurotropic virus that can establish lifelong persis-
tence in sensory neurons. This natural tropism has
made neuropathological disorders one of the most
promising applications of replication-defective HSV-1
vectors23.

Hybrid vectors
In the quest for better vectors, many researchers are
attempting to combine the best features of different
viruses in hybrid vectors. One of the most interesting
hybrids couples the site-specific integration machin-
ery of wild-type AAV with the efficient internalization
and nuclear targeting properties of adenovirus. AAV is
a helper-dependent parvovirus; in the presence of
adenovirus or herpes virus infection it undergoes a
productive replication cycle, but in the absence of
helper functions the virus genome integrates into a
specific site on chromosome 19 (19.13.3-qtr, also
called AAVS1). Integration of the AAV genome into
AAVS1 requires expression of the AAV Rep protein. As
conventional rAAV vectors are deleted for all viral
genes, including rep, they are not able to specifically
integrate into AAVS1, but this potentially useful fea-
ture of the parental wild-type virus has been harnessed
in hybrid vectors. Site-specific integration of AAV
inverted terminal repeat (ITR)-flanked transgenes has
been shown in cell culture from adenovirus vectors
and from herpes-virus amplicon vectors that express
the AAV Rep68/78 proteins24,25.

Although hybrid vectors that contain AAV Rep could
be useful for ex vivo transduction, their use for in vivo
gene transfer might be limited as a result of the intracel-
lular toxicity of the Rep proteins. Our laboratory has
used a transposon approach to achieve integration from
an adenovirus vector: we constructed a gene-deleted

Recombinant AAV vectors (rAAVs) are one of the
most promising vector systems for safe long-term gene
transfer and expression in non-proliferating tissues.
AAV is unique among viruses that are being developed
for gene therapy in that the wild-type virus has never
been shown to cause human disease. The small size and
simplicity of the vector particle makes it possible to
administer high doses of vector systemically without
eliciting acute inflammatory responses or toxic side
effects. The successful gene transfer and expression of
human coagulation factor IX was recently shown in
haemophilia B patients after muscle-directed gene
transfer of an AAV2 vector20. A further clincal trial to
treat the same disease through liver-directed gene
transfer is ongoing, as are other trials for cystic fibrosis,
muscular dystrophy and several CNS disorders.

The space available in the vector genome for the
incorporation of exogenous DNA is another criterion
that influences the choice of vector for specific thera-
peutic applications. HSV-1 is the largest and most
complex of all the viruses that are being developed for
gene therapy, and one important feature of this vector
is its capacity to carry large fragments of foreign
DNA. Replication-defective HSV-1 vectors can carry
up to 40 kb of foreign DNA, facilitating the delivery of
several separate expression cassettes, or large single
genes21. The carrying capacity of HSV-1 vectors is fur-
ther expanded in amplicon vectors (bacterial plasmids
that contain the HSV-1 origin of replication and the
HSV-1 packaging signal that are packaged into infec-
tious HSV-1 virions). Recently, the full carrying
potential of HSV-1 was realized by amplicon-mediated
delivery and expression of the complete genomic
human hypoxanthine phosphoribosyltransferase
locus (115 kb) to cultured cells22. Wild-type HSV-1 is

Table 1 | The main groups of viral vectors

Vector Genetic Packaging Tropism Inflammatory Vector genome Main limitations Main advantages
material capacity potential forms

Enveloped

Retrovirus RNA 8 kb Dividing cells Low Integrated Only transduces Persistent gene
only dividing cells; transfer in

integration might dividing cells
induce oncogenesis 
in some applications

Lentivirus RNA 8 kb Broad Low Integrated Integration might Persistent gene
induce oncogenesis transfer in
in some applications most tissues

HSV-1 dsDNA 40 kb* Strong for High Episomal Inflammatory; Large packaging 
150 kb‡ neurons transient transgene capacity;

expression in cells strong tropism for
other than neurons neurons

Non-enveloped

AAV ssDNA <5 kb Broad, with the Low Episomal (>90%) Small packaging Non-inflammatory;
possible Integrated (<10%) capacity non-pathogenic
exception of
haematopoietic
cells

Adenovirus dsDNA 8 kb* Broad High Episomal Capsid mediates a Extremely efficient
30 kb§ potent inflammatory transduction of

response most tissues
*Replication defective. ‡Amplicon. §Helper dependent. AAV, adeno-associated viral vector; dsDNA, double-stranded DNA; HSV-1, herpes simplex virus-1; ssDNA, single-
stranded DNA.
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VETORES RETROVIRAIS 



MÉTODOS DE EMPACOTAMENTO 
RETROVIRAL 



MÉTODOS DE EMPACOTAMENTO 
RETROVIRAL 



MÉTODOS DE EMPACOTAMENTO 
LENTIVIRAL 

Produção de vetores lentivirais por meio da transfecção transiente 
tripla 



INTEGRAÇÃO DO GENE DE INTERESSE 
NA CÉLULA ALVO 



PRIMEIRO ENSAIO CLÍNICO DE TERAPIA 
GÊNICA 

Terapia gênica para deficiência de adenosina deaminase (ADA) – 
Setembro 1990 

H U M A N G E N E T H E R A P Y 1:331-362 (1990) 
Mary Ann Liebert, Inc., Publishers 

T h e A D A H u m a n G e n e T h e r a p y 

Clinical Protocol 

POINTS TO CONSIDER RESPONSE WITH CLINICAL PROTOCOL, JULY 6, 1990 

Points to Consider in the Design and Submission of Protocols for the Transfer of 
Recombinant DNA into the Genome of Human Subjects 

Protocol: Treatment of Severe Combined Immunodeficiency Disease (SCID) Due to Adenosine Deaminase 
(ADA) Deficiency with Autologous Lymphocytes Transduced with a Human A D A Gene 

Prepared by: W . French Anderson, M.D. 
R. Michael Blaese, M.D. 
Kenneth Culver, M.D. 

Submitted to: Human Gene Therapy Subcommittee 
Recombinant D N A Advisory Committee 
National Institutes of Health 
Bethesda, Maryland 20892 

on 
July 6, 1990 

PREFACE 

This document is submitted as part of the review process for our human gene therapy protocol entitled 
"Treatment of Severe Combined Immunodeficiency Disease (SCID) Due to Adenosine Deaminase (ADA) 
Deficiency with Autologous Lymphocytes Transduced with a Human A D A Gene." It addresses the issues 
raised in the newly revised "Points to Consider in the Design and Submission of Protocols for the Transfer of 
Recombinant D N A into the Genome of Human Subjects" (Federal Register, Vol. 55, No. 41, March 1,1990, 
pp 7443-7447). 

On April 24,1987, we submitted a "Human Gene Therapy Preclinical Data Document" to the Human Gene 
Therapy Subcommittee proposing the use of retroviral-mediated gene transfer of a normal A D A gene into 
bone marrow cells as a treatment for A D A deficiency. That document, which addressed each question ofthe 
original version of the Points to Consider on a point-by-point basis, was reviewed by a number of outside 
consultants as well as by the members of the Human Gene Therapy Subcommittee. On December 7, 1987, 
there was a formal meeting of the Subcommittee at which time the document was publicly reviewed. The 
consensus of the meeting was that additional work needed to be done before an attempt at gene therapy for 
A D A deficiency was appropriate. 

W e have carried out considerable additional studies and feel that it is now appropriate to propose a human 
gene therapy clinical protocol for the treatment of A D A Deficiency. 
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A cada 2 meses linfócitos T 
da criança eram coletados e 
inserido o gene ADA.  

Linfócitos T/ADA+ eram 
expandidos no laboratório.  

Re-infusão na criança.  
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GÊNICA 

R. Michael Blaese, MD with 
Ashanthi DeSilva (left) and 
Cindy Kisik at the IDF 2013 
National Conference, June 
29. 

Foram realizadas 7 infusões.  

12 anos após o término das 
infusões, os dois casos foram re-
avaliados. Na primeira paciente o 
número de linfócitos T que ainda 
expressavam o gene ADA era 
maior do que na segunda paciente. 

Depois disso, as crianças voltaram 
a receber terapia de reposição 
embora em menor dose.  

Linden 2010 Estudos Avançados 24: 31  
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HUMAN GENE THERAPY 2:107-109 (1991) 
Mary Ann Liebert, Inc., Publishers MEETING PRESENTATION 

L y m p h o c y t e G e n e T h e r a p y 

KENNETH W. CULVER, W. FRENCH ANDERSON, and R. MICHAEL BLAESE 

ABSTRACT 

Genetically corrected T cells are currently under investigation as a treatment for severe combined immunode-
ficiency disease resulting from a lack of adenosine deaminase ( A D A ) . Monthly injections of these A D A -
corrected T cells have resulted in measurable A D A activity in the peripheral blood and the in vivo production of 
antibody to blood group antigen. Genetically corrected T cells appear to be clinically valuable vehicles for gene 
therapy. 

INTRODUCTION 

A d e n o s i n e deaminase (DA) deficiency is a rare, often fatal 
autosomal recessive disorder that occurs in less than 1 in 

100,000 births (Gibletteffl/., 1972). A n absence of intracellular 
A D A activity results in a profound immunodeficiency disease, 
called severe combined immunodeficiency (SCID). A D A ( - ) 
SCID accounts for approximately 2 5 % of all cases of SCID. 
A D A is an enzyme in the purine salvage pathway. Adenosine 
(Ado) or deoxyadenosine (dAdo) is irreversibly deaminated by 
A D A to inosine or deoxyinosine, respectively. Adenosine and 
deoxyadenosine are phosphorylated by a series of kinases 
ultimately to yield the nucleosides A T P and dATP. These serve 
as substrates for nucleic acid synthesis or may be used in cellular 
metabolism. Immature intrathymic lymphocytes are especially 
rich in adenosine kinases and, in the absence of A D A , tend 
rapidly to convert Ado and dAdo to their triphosphate forms. 
d A T P is thought to be a primary mediator of lymphocyte toxicity 
when present in excessive levels. As a result, these children have 
severe lymphopenia and fail to mount effective cellular and 
humoral immune responses. Prior to bone marrow transplanta-
tion, these children usually died before 2 years of age. 

The treatment of choice is a HLA-matched bone marrow 
transplant that has a cure rate of > 7 0 % . Unfortunately, only 
about 3 0 % of children with SCID will have a matched donor. 
For children with SCID and no HLA-identical sibling, the 
results from T-cell-depleted, haploidentical (i.e., parents as 
donors) marrow transplants without cytoreduction have been 
less successful for ADA(-)SCID than A D A ( + )SCID, with 
durable engraftment rates of 4 0 % versus 6 0 % , respectively 
(O'Reilly et aL, 1989). The difference may be due to an 

increased natural killer cell activity commonly found in children 
withADA(-)SCID. 

A D A deficiency is a clinically heterogeneous disorder, with 
the spectrum ranging from severe immunodeficiency evident in 
the first days of life to the appearance of significant infections 
occurring only in later childhood (Levy et al., 1988). Children 
who have demonstrated less severe clinical disease have gener-
ally been considered candidates for enzyme replacement therapy 
or gene therapy as opposed to marrow transplantation with 
ablation. Enzyme replacement therapy has shown some benefit 
because deoxyadenosine is freely diffusible between the intra-
cellular and extracellular space. Increased levels of A D A in the 
plasma degrade deoxyadenosine locally and thus establish a 
concentration gradient leading to a flow of the accumulated 
deoxyadenosine from intracellular sites to the plasma where it is 
also degraded. 

Some ADA-deficient children are currently treated with 
injections of a drug called Adagen (PEG-ADA) (Hershfield et 
al, 1987). P E G - A D A is bovine A D A conjugated to polyethyl-
ene glycol, which is an inert substance that protects the A D A 
enzyme from catabolism thus allowing it to function for days in 
the blood, compared to minutes without the PEG. P E G - A D A 
treatment has been used since 1985 with a variable degree of 
immunologic enhancement in the approximately 20 children 
who have been treated. Unfortunately, P E G - A D A does not 
usually result in complete restoration of normal immune func-
tion. Therefore, we have pursued the use of gene therapy as a 
means to correct the fundamental problem, a defective A D A 
gene. 

Ideally, ADA(-)SCID would be treated with the insertion of 
a functioning A D A gene into autologous bone marrow totipotent 
stem cells resulting in the continual production of A D A ( + ) 
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lymphocytes. Many laboratories have worked for years to 
develop bone marrow gene therapy. Unfortunately, bone mar-
row gene transfer experiments in large animals (monkeys, 
sheep, and dogs) have resulted in low-level, transient expression 
of the transferred genes in peripheral blood lymphocytes (PBL) 
(Williams, 1990). As a result, we have developed the use of T 
lymphocytes as vehicles for gene therapy (Culver et al., 1988). 

T cells are particularly good candidates for ADA(-)SCID 
because engraftment of donor T cells alone following a nonim-
munosuppressed bone marrow transplant results in cure of the 
combined immunodeficiency disease (Keever et al., 1988). 
Even though the child remains A D A ( - ) throughout its body, 
these ADA(+) cells can survive and function, suggesting that 
cells containing functional A D A activity have a selective growth 
advantage in vivo. Following extensive experimentation in vitro 
with human ADA( -) cells (Culver et al., 1991 a), in vivo studies 
in murine and Rhesus animal models (Culver et al., 1991b,c), 
and an indepth review by a variety of regulatory committees 
(Blaese et al, 1990), we began our clinical trial on September 
14, 1990. 

MATERIALS AND METHODS 

Subjects 

Children with A D A ( - ) S C I D w h o have been treated with 
Pegadamase for a minimum of 9 months and have not achieved 
full immune reconstitution. 

PEG ADA 

OKT3 * IL 2 

Dose Escalation 

FIG. 1. Schematic of the human A D A gene therapy protocol. 

G e n e transfer a n d the growth of autologous T cells 

Gene transfer utilizes genetically altered, defective mouse 
viruses called retroviral vectors (Gilboa etal., 1986). Retrovi-
ral-mediated gene transfer requires dividing cells for stable 
integration and has an efficiency of 1 0 - 1 5 % in cultured human T 
lymphocytes. T o transfer the A D A gene, the child's blood is 
removed from a vein and the white blood cells are separated 
from the red blood cells using an apheresis procedure. The white 
blood cells are placed in culture with O K T 3 monoclonal anti-
body (10 ng/ml) and recombinant interleukin-2 (rIL-2) (1,000 
U/ml, Cetus). After 18 hr, the L A S N retroviral vector contain-
ing a normal human A D A gene, engineered by Dr. A. Dusty 
Miller at the Fred Hutchinson Cancer Center (Seattle, W A ) and 
supplied by Genetic Therapy, Inc. (Gaithersburg, M D ) , is 
mixed into the culture medium. The vector binds to the surface 
ofthe T lymphocytes, enters the cell and inserts the human A D A 
gene randomly into the chromosome. The human A D A gene is 
now stably integrated and will remain in place and be passed to 
all of the daughter cells as the cells grow in number. The cells 
are expanded in number for a total of 9-10 days before 
reinfusion IV. 

RESULTS 

in 24-well plates with the monoclonal antibody O K T 3 and rIL-2, 
which induces vigorous T-cell proliferation. Beginning on the 
second day, the vector L A S N is added twice daily for 3 days. 
The cells continue to expand in number, are transferred into 
gas-permeable cell culture bags, and are then reinfused after 
9-11 days in culture. Once the safety ofthe procedure has been 
established, w e may preselect for gene-containing cells by 
growth in dAdo or G 4 1 8 (compounds that will kill cells without 
a L A S N vector). With time, w e plan to escalate the number of 
infused cells to maximize the opportunity for immune recovery. 

Neither child has demonstrated any significant side effects 
resulting from the infusion of as many as 7 x 108 cells/kg. 
Evaluation ofthe first child has noted selective persistence ofthe 
A D A gene-corrected T cells with continued A D A protein 
production in cells regrown from the blood (Table 1). P B L 
containing the L A S N vector have a selective growth advantage 
compared to cells without the vector in vitro as the A D A activity 
increased from 3.0 to 43.3 units of activity during 3 weeks in 
culture. In addition, the first child now is making normal 
amounts of isohemagglutinins (antibodies to blood group anti-
gens), an immune function that was not present on P E G - A D A 
alone. The second child has received only two infusions to date. 

T w o children have begun on infusions -of A D A gene-cor-
rected autologous T lymphocytes concurrent with P E G - A D A 
treatment (Fig. 1). O n a monthly basis, the children undergo 
luekapheresis. The mononuclear cells are then placed in culture 

D I S C U S S I O N 

Gene therapy has the potential to alter the course of human 
disease dramatically. Our current technology is limited by not 
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Table 1. Recovery of ADA Gene-Transduced 
T Cells from a SCID Patient 

Cell population tested 
A D A concentration 

(units) 

Pretreatment PBL 
PBL 3 weeks after second infusion 
T cells cultured 3 weeks 
Normal PBL 

1.3a 
3.0 

43.3 
40-90 

aADA enzymatic activity is expressed as nmol/min • 108 cells. 

only the availability of the normal genes, but a satisfactory in 
vivo delivery system. T lymphocytes are currently the best 
cellular delivery vehicles for human gene therapy. They can be 
easily transduced with retroviral vectors and easily manipulated 
in vitro and in vivo with growth factors and antigen-specific 
stimulation. Both human and animal experiments have shown 
prolonged survival of the gene-altered T cells with continued 
expression of the vector genes (Culver et al., 1991b,c). Now, 
we have evidence that the reinfusion of A D A gene-corrected 
cells can provide T-helper cell function for an antibody response 
not seen with PEG-ADA alone. This finding is consistent with in 
vitro and in vivo experiments that strongly suggest that intracel-
lular correction of ADA(-)SCID is superior to extracellular 
enzyme replacement alone (Ferrari et al., 1991). Tumor-spe-
cific T cells, genetically altered with cytokine genes, are now 
beginning clinical trials. 
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DÉCADA DE 90 FORAM REALIZADOS ENSAIOS DE 
TERAPIA GÊNICA PARA VARIAS DOENÇAS 

GENÉTICAS 

484 ensaios clínicos de  
Terapia Gênica entre  

1990 a 1999 



1999 – O MAIOR OBSTÁCULO PARA  TERAPIA 
GÊNICA 

1999 – Jesse Gelsinger – 18 anos afetado com uma doença metabolica 
conhecida como ornitina transcarbamylase faleceu durante o protocolo de 
terapia gênica na Philadelphia depois da administração do vetor adenoviral no 
fígado. 

Gelsinger recebeu elevadas doses do vetor viral (3.8 x 1013 partículas) e 
desenvolveu febre muito alta após 4 horas. 

Dia seguinte: sintomas de lesão hepática e coagulação vascular disseminada. 

Após 4 dias: Gelsinger faleceu por falência múltipla do orgãos. 

Resultado da autopsia mostrou que embora o vetor foi infundido diretamente no 
fígado via a arteria hepática, quantidade substanciais foram dissemidadas para 
circulação e induziu a resposta inflamatória que evoluiu para o quadro clinico 
observado. 

Thomas et al 2003 Nature Rev. Gen. 4: 346 



2002 - 2003 – VETOR RETROVIRAL PODE 
INDUZIR DOENÇA LINFOPROLIFERATIVA 

Em 2000, no hospital em Paris três crianças afetadas com a doença ligada ao 
cromossomo X conhecida como SCI-XI desenvolveram sistema imunológico 
funcional após a infusão de células hematopoéticas transduzidas com vetor 
retroviral que codifica a cadeia gama do receptor de citocina. 

Após 2-3 anos, duas dessas crianças desenvolveram leucemia de células T 
provavelmente devido a inserção do vetor retroviral próximo ou dentro do 
oncogene LMO2 ativando sua expressão. 

Thomas et al 2003 Nature Rev. Gen. 4: 346 



2008 – RETORNO DA TERAPIA GÊNICA 

2008 - Amaurose Congênita de Leber: 3 pacientes (17 a 23 anos) 
receberam infusão do virus adeno-associado 2/2.hRPE65p.hREP65 

Não ocorreram efeitos adversos. 
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SUMM A R Y

Early-onset, severe retinal dystrophy caused by mutations in the gene encoding reti-
nal pigment epithelium–specific 65-kD protein (RPE65) is associated with poor vi-
sion at birth and complete loss of vision in early adulthood. We administered to 
three young adult patients subretinal injections of recombinant adeno-associated 
virus vector 2/2 expressing RPE65 complementary DNA (cDNA) under the control of 
a human RPE65 promoter. There were no serious adverse events. There was no 
clinically significant change in visual acuity or in peripheral visual fields on Gold-
mann perimetry in any of the three patients. We detected no change in retinal re-
sponses on electroretinography. One patient had significant improvement in visual 
function on microperimetry and on dark-adapted perimetry. This patient also 
showed improvement in a subjective test of visual mobility. These findings provide 
support for further clinical studies of this experimental approach in other patients 
with mutant RPE65. (ClinicalTrials.gov number, NCT00643747.)

Leber’s congenital amaurosis is a term used to describe a group of 
recessively inherited, severe, infantile-onset rod–cone dystrophies.1 Mutation of 
one of several genes, including RPE65, causes disease that involves impaired 

vision from birth2,3 and typically progresses to blindness in the third decade of life. 
There is no effective treatment. RPE65 is expressed in the retinal pigment epitheli-
um and encodes a 65-kD protein that is a key component of the visual cycle,1,4-8 a 
biochemical pathway that regenerates the visual pigment after exposure to light.9-14 
A lack of functional RPE65 results in deficiency of 11-cis retinal so that rod photo-
receptor cells are unable to respond to light. Cone photoreceptor cells may have 
access to 11-cis–retinaldehyde chromophore through an alternative pathway that does 
not depend on retinal pigment epithelium–derived RPE65,15,16 thus allowing cone-
mediated vision in children with Leber’s congenital amaurosis. However, progres-
sive degeneration of cone photoreceptor cells ultimately results in the loss of cone-
mediated vision.

Although the retinal dystrophy caused by defects in RPE65 is severe, features of 
the disorder suggest that it may respond to gene-replacement therapy. There is use-

The New England Journal of Medicine 
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SUMM A R Y

Early-onset, severe retinal dystrophy caused by mutations in the gene encoding reti-
nal pigment epithelium–specific 65-kD protein (RPE65) is associated with poor vi-
sion at birth and complete loss of vision in early adulthood. We administered to 
three young adult patients subretinal injections of recombinant adeno-associated 
virus vector 2/2 expressing RPE65 complementary DNA (cDNA) under the control of 
a human RPE65 promoter. There were no serious adverse events. There was no 
clinically significant change in visual acuity or in peripheral visual fields on Gold-
mann perimetry in any of the three patients. We detected no change in retinal re-
sponses on electroretinography. One patient had significant improvement in visual 
function on microperimetry and on dark-adapted perimetry. This patient also 
showed improvement in a subjective test of visual mobility. These findings provide 
support for further clinical studies of this experimental approach in other patients 
with mutant RPE65. (ClinicalTrials.gov number, NCT00643747.)

Leber’s congenital amaurosis is a term used to describe a group of 
recessively inherited, severe, infantile-onset rod–cone dystrophies.1 Mutation of 
one of several genes, including RPE65, causes disease that involves impaired 

vision from birth2,3 and typically progresses to blindness in the third decade of life. 
There is no effective treatment. RPE65 is expressed in the retinal pigment epitheli-
um and encodes a 65-kD protein that is a key component of the visual cycle,1,4-8 a 
biochemical pathway that regenerates the visual pigment after exposure to light.9-14 
A lack of functional RPE65 results in deficiency of 11-cis retinal so that rod photo-
receptor cells are unable to respond to light. Cone photoreceptor cells may have 
access to 11-cis–retinaldehyde chromophore through an alternative pathway that does 
not depend on retinal pigment epithelium–derived RPE65,15,16 thus allowing cone-
mediated vision in children with Leber’s congenital amaurosis. However, progres-
sive degeneration of cone photoreceptor cells ultimately results in the loss of cone-
mediated vision.

Although the retinal dystrophy caused by defects in RPE65 is severe, features of 
the disorder suggest that it may respond to gene-replacement therapy. There is use-
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Um dos pacientes teve uma melhora na função visual. 

Atualmente 4 países estão desenvolvendo esse tipo de terapia gênica: 
Itália, França, USA e UK. 
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FASES DE UM PROJETO DE TERAPIA GÊNICA 
COM SISTEMA LENTIVIRAL 

Clonagem do Gene no vetor de escolha (sistema gateway) – 2 meses 

Geração de uma linhagem celular com produção transiente do gene 
terapêutico – 2 meses  

Produção de Virus e cálculo do titulo viral – 1 mes 

Geração e caracterização da linhagem celular com produção 
permanente do gene de interesse – 4 meses 

Obtenção e armazenamento de um clone celular com altos níveis de 
produção da proteína terapêutica – 3 meses. 



QUESTÕES 

q  Como realizada hoje, a terapia gênica leva a correção do defeito 
genético? Explique 

q  Quais os principais parâmetros a serem analisados para obtenção 
do sucesso da terapia gênica? 

q  Imagine que você gostaria de desenvolver um protocolo clínico 
para tratamento de Hemofilia A. Elabore a estratégia para o uso de 
um gene codificador de proteína e uma estratégia para o uso de um 
gene não codificador de proteína. 

q  Construa o mapa conceitual sobre terapia gênica. 


