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Estrategias de las Terapias G&eacute;nicas
Gerardo C. Glikin
Unidad de Transferencia Gen&eacute;tica
Instituto de Oncolog&iacute;a “&Aacute;ngel H. Roffo”
Universidad de Buenos Aires
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TERAPIA G&Eacute;NICA: TODA TRANSFERENCIA DE
INFORMACI&Oacute;N G&Eacute;NETICA CON FINES TERAP&Eacute;UTICOS.
Metodolog&iacute;a
In vivo / Ex vivo
Transferencia (adici&oacute;n) g&eacute;nica
con expresi&oacute;n/ inhibici&oacute;n de
expresi&oacute;n:
 Sistemas virales
(i.e. retrovirus)
 Sistemas no virales
(i.e. liposomas)
Metodolog&iacute;a
In vivo
Inhibici&oacute;n/activaci&oacute;n de expresi&oacute;n
con oligonucle&oacute;tidos:
 antisentido (ss)
 triple h&eacute;lice (ss)
 captura factores regulatorios (ds)
Correcci&oacute;n g&eacute;nica dirigida:
 Oligonucle&oacute;tidos quim&eacute;ricos
DNA/RNA
Naturaleza


Medicina

  
Biolog&iacute;a Molecular  Ingenier&iacute;a Gen&eacute;tica
  
Biotecnolog&iacute;a

Terapia G&eacute;nica Humana
en/con C&eacute;lulas Som&aacute;ticas
percepci&oacute;n p&uacute;blica

&eacute;tica

&iquest;debo?

Terapia G&eacute;nica Humana
en/con C&eacute;lulas Som&aacute;ticas


&iquest;para qu&eacute;?

aplicaciones

patolog&iacute;as

&iquest;c&oacute;mo?

metodolog&iacute;a

genes y vectores
•ADICI&Oacute;N G&Eacute;NICA: Expresa copia(s) adicional(es) del gen corregido
para restablecer la funci&oacute;n normal
•CORRECCI&Oacute;N G&Eacute;NICA (REPARACI&Oacute;N): Corrige la mutaci&oacute;n en la
c&eacute;lula
Propiedad
Terapia G&eacute;nica
Reparaci&oacute;n G&eacute;nica
Genes clonados
Esenciales
No requeridos
Especificidad
Integraci&oacute;n al azar
Correcci&oacute;n direccionada
Estabilidad
Actividad temporaria
Correcci&oacute;n permanente
Suministro in vivo
Realizable
Realizable
Tama&ntilde;o
&gt; 1000 nucle&oacute;tidos
&lt; 100 nucle&oacute;tidos
Reacci&oacute;n inmune
Probable (Virus)
Improbable
Ejemplos de enfermedades te&oacute;ricamente tratables por correcci&oacute;n
g&eacute;nica: thalasemia, deficiencia de ADA, fibrosis qu&iacute;stica, enfermedad
de Crigler-Najjar
V&iacute;as de administraci&oacute;n de genes
Intracerebral
Intranasal
Intrapulmonar
Subcut&aacute;nea
Endovenosa
Intraperitoneal
Intra&oacute;rgano
Intramuscular
Intratumoral
TERAPIA G&Eacute;NICA: APLICACIONES
• Enfermedades hereditarias
• Enfermedades adquiridas (i.e. degenerativas)
• Medicina preventiva (i.e. vacunas)
• Mejoramiento
• Enfermedades hereditarias
SINDROME
DEFICIENCIA
SISTEMA A CORREGIR
Fibrosis qu&iacute;stica
CFTR (canal de Cl-)
Epitelio respiratorio
Miopat&iacute;as
Distrofina
M&uacute;sculo
Enfisema
-1 antitripsina
Medio extracelular
Hemofilias A y B
Factores VIII y IX
Plasma
Enanismo hipofisario
Hormona de crecimiento
Plasma
Deficiencias
inmunitarias severas
Adenosina deaminasa,
purina nucleos fosforilasa
C&eacute;lulas progenitoras
hematopoy&eacute;ticas
Thalasemia
Cadena  o  de globina
C&eacute;lulas progenitoras
hematopoy&eacute;ticas
Hipercolesterolemia
familiar
Receptor de LDL
H&iacute;gado
Citrulemia
Arginato sintetasa
H&iacute;gado
Gaucher
Glucocerebrosidasa
C&eacute;lulas progenitoras
hematopoy&eacute;ticas
• Enfermedades adquiridas
SINDROME
OBJETIVOS
SISTEMA A CORREGIR
SIDA
Vacunaci&oacute;n
Genes suicidas
Linfocitos, macr&oacute;fagos
C&eacute;lulas progenitoras
hematopoy&eacute;ticas
Hepatitis
Vacunaci&oacute;n
Genes suicidas
H&iacute;gado
Enfermedades
Producci&oacute;n de factores
neurodegenerativas neurotr&oacute;ficos
Sistema nervioso
central
Dolor cr&oacute;nico
Producci&oacute;n de endorfinas
Sistema nervioso
central
Diabetes
Producci&oacute;n de insulina
Plasma
Poliartritis
Producci&oacute;n de inhibidores
C&eacute;lulas sinoviales
Enfermedades
cardiovasculares
M&uacute;ltiples
Varios
C&aacute;ncer
M&uacute;ltiples
Varios
Terapia G&eacute;nica para Enfermedades Cardiovasculares
Indicaci&oacute;n
Gen apuntado
Terapia sist&eacute;mica
Hipercolesterolemia familiar
Receptor de la lipoprote&iacute;na de baja densidad (LDL)
Ateroesclerosis
Lipoprote&iacute;na de alta densidad (HDL)
Estados de hiper coagulaci&oacute;n
Activador tisular del plasmin&oacute;geno (TPA)
Diabetes mellitus refractaria
Insulina
Hemofilia A
Factor VIII
Hemofilia B
Factor IX
Terapia local
Restenosis post angioplastia
Gen regulatorio del ciclo celular
Rechazo de transplantes
mol&eacute;cula de adhesi&oacute;n a leucocitos
Vasculopat&iacute;a de transplantes
Citokina
Infarto de miocardio:
Factor de crecimiento vascular endotelial (VEGF)
- Remodelaci&oacute;n card&iacute;aca
Factor de crecimiento fibrobl&aacute;stico (FGF)
- Angiog&eacute;nesis
Miocarditis
Factor de crecimiento transformante  (TGF )
Citokina
Enfermedad card&iacute;aca cong&eacute;nita
Factores de diferenciaci&oacute;n de mioblastos
Cardiomiopat&iacute;a familiar hipertr&oacute;fica
Cadena pesada de miosina  (-MHC) ?
Trombosis
Activador tisular del plasmin&oacute;geno (TPA)
Enfermedades glomerulares
Citokina, gen regulatorio del ciclo celular
Aneurismas a&oacute;rticos
Proteasa
C&aacute;ncer
Patolog&iacute;a degenerativa resultante de la interacci&oacute;n
de factores ambientales y gen&eacute;ticos:
• C&eacute;lulas con patr&oacute;n de crecimiento anormal
• Expresi&oacute;n incorrecta de genes espec&iacute;ficos
(oncogenes y genes supresores)
• Tolerancia inmunol&oacute;gica
• Segunda causa de muerte en pa&iacute;ses
industrializados (primera entre las mujeres)
Some Cancer Related Pathways (6 of 36)
Activation of cAMP-Dependent PKA
Cytokine Network
Cyclins and Cell Cycle Regulation
Cellular Apoptosis Pathway
p53 Signaling
DNA Repair Mechanisms
C&aacute;ncer
TRATAMIENTOS
LIMITACIONES
Cirug&iacute;a y
radioterapia
Tejido tumoral remanente raramente curan pacientes con
c&aacute;ncer diseminado
Quimioterapia
Baja tolerancia de los tejidos
sanos - Elimina indiscriminadamente todas las c&eacute;lulas en divisi&oacute;n
Inmunoterapia
Baja inmunogenicidad Inmunosupresi&oacute;n tumoral
Terapia G&eacute;nica del C&aacute;ncer
Estrategias
• Sensibilizar c&eacute;lulas tumorales con genes suicidas
• Reforzar c&eacute;lulas sanas para quimioterapia
• Inhibir expresi&oacute;n de oncogenes con asRNA
• Transferir genes supresores sanos
• Inhibir angiog&eacute;nesis
• Estimular la respuesta inmune:
- Vacunas terape&uacute;ticas y/o preventivas :
 aumentando la presentaci&oacute;n de ant&iacute;genos
 produciendo secreci&oacute;n local de citokinas
 expresando mol&eacute;culas co-estimulatorias
Timidina kinasa del virus herpes simplex
HSV-TK
GCV + ATP

GCVMP + ADP
CELL-TK
GCVMP + ATP

GCVDP + ADP
Guanosina
CELL-TK
GCVDP + ATP

GCVTP + ADP
DNA pol
dNTPs + GCVTP  DNA
Ganciclovir
Sensibilizar c&eacute;lulas tumorales con genes suicidas
•Reforzar c&eacute;lulas sanas para quimioterapia
(MDR gene)
Estimular la respuesta inmune
This trial scheme is an example of the potential for future investigation, using treatment of early-stage colorectal cancer (CRC) as
the model. It combines current approaches to gene therapy that have distinct mechanisms of action. Replication-competent
adenoviruses encoding enzymes and the prodrugs that they activate are administered via the portal vein, and an anti-CEA
vaccination is given subcutaneously. By initiating therapy immediately after surgery, when residual tumour burden is minimal and
there are fewer drug-resistant tumour-cell clones, there is an increase in the possibility of CRC cure. Avipox-CEA, fowl pox virus
encoding carcinoembryonic antigen; CD, cytosine deaminase; 5-FC, 5-fluorocytosine; GM-CSF, granulocyte–macrophage
colony-stimulating factor; IL-2, interleukin-2; NTR, nitroimidazole reductase; RB, retinoblastoma.
• Medicina preventiva
Posible mecanismo de inducci&oacute;n de respuesta inmunitaria por DNA
Vacunas DNA
TERAPIA G&Eacute;NICA: METODOLOGIA
• Vectores virales
• Vectores no virales
Direccionamiento de vectores
• Via de administraci&oacute;n
• Receptores celulares
• Promotores espec&iacute;ficos de tejido
• Vectores Virales
Virus naturales (silvestres):
•Crecen en todas las c&eacute;lulas
•Infectan todas las c&eacute;lulas
•Son patog&eacute;nicos
Virus terape&uacute;ticos (recombinantes):
•S&oacute;lo crecen en c&eacute;lulas empaquetadoras
•Infectan todas las c&eacute;lulas
•No son patog&eacute;nicos
Construction of recombinant
adenoviral vectors. cDNA of interest
is cloned into a shuttle vector which
provides cDNA expression cassette
(adenovirus
ITR, E1 enhancer, adenovirus
encapsidation signal, CMV promoter,
and SV40 a polyadenylation signal).
Homologous recombination
sequences are
also cloned in this vector.
Adenovirus genome (e.g., pJM17
shown in the figure) and the shuttle
vector containing the cDNA are
cotransfected in 293 cells.
Intracellular homologous
recombination between the two
DNAs results in a E1- recombinant
genome; the numbers 0, 20, 100
represent the approximate
map units. This recombinant genome
is replication defective. However, in
the presence of E1 proteins
(provided in trans by 293 cells), the
recombinant
genome will replicate and form
adenoviral particles.
• Vectores no Virales
•DNA desnudo
•Liposomas ani&oacute;nicos
•Complejos DNA/l&iacute;pido cati&oacute;nico: lipoplex
•Complejos DNA/polycati&oacute;n: polyplex
•Conjugados moleculares
•Dendr&iacute;meros: PEI
•Hydrogel
•Inyecci&oacute;n a presi&oacute;n
•Electroporaci&oacute;n
•Ca&ntilde;&oacute;n g&eacute;nico
•Ultrasonido
•Campo magn&eacute;tico
•Minicromosomas artificiales
L&iacute;pidos cati&oacute;nicos: Citofectinas
Complejo DNA/l&iacute;pido cati&oacute;nico: Lipoplex
Schematic representation of lipoplex formation and trafficking to
the target cell nucleus
1 Spontaneous self-assembly of vector/DNA complex (lipoplex)
2 Endocytosis – encapsulation of lipoplex into endosome
3 Endosomal escape before degradation of DNA
4 Trafficking of DNA to perinuclear region and nuclear ingress
5 Nuclear expression of the transfected DNA
El proceso de desarrollo de nuevos medicamentos
Protocolos Cl&iacute;nicos
Para evaluaci&oacute;n de nuevos medicamentos o tratamientos
• Fase I: primer grupo de pocos individuos en los que se
eval&uacute;a seguridad, rango seguro de dosis y se identifican
efectos colaterales.
• Fase II: segundo grupo m&aacute;s numeroso que permitir&aacute;
evaluar eficacia y seguridad.
• Fase III: tercer grupo a&uacute;n m&aacute;s numeroso para confirmar
efectividad, monitorear efectos colaterales, comparar con
otros tratamientos comunes y colectar informaci&oacute;n que
permitir&aacute; el uso seguro.
• Fase IV: Esudios realizados sobre la droga ya en el
mercado para obtener informaci&oacute;n sobre efecto en
poblaciones diversas y efectos colaterales asociadas al
uso prolongado.
DRUGS R&amp;D
Investigational New Drug application: (IND)
New Drug Application: (NDA)
Biotech Drug Development Process
Total CT Approved June 2010: 1644
Factoring in 'Reality'
Sometimes drug trials using lab animals are conducted under conditions that are so ideal that they uncover very small, nonmeaningful differences in the treated and untreated groups.
Real-world factors in human trials create far more variation than scientists see in the lab.
With animal model trials, Cox explains, you &quot;control all the variables. None of the mice fail to complete the study. There are
no compliance issues and no lifestyle issues.&quot;
Mice don’t smoke, drink or take other medications during the study. Even their genetic background can be strictly controlled
and kept exactly the same — certainly not the case in human studies.
When treated mice in this kind of trial survive a few days or weeks longer than the untreated mice, &quot;everybody hopes that
difference will scale up to years in patients. Unfortunately, that’s often false logic,&quot; Cox says.
&quot;Just because something is statistically significant doesn’t necessarily mean it’s clinically relevant,&quot; he continues. &quot;You can
get statistical significance [showing that a perceived difference is not just due to chance] in a model system by detecting
subtle differences and saying they’re important.
&quot;But just being able to say the difference is unlikely to be due to chance doesn’t make it big enough to merit attention.&quot;
Cox says people should get excited when researchers find major effects in animal models, using reliable testing methods.
&quot;If you’re hitting a specific disease mechanism, it’s going to have a dramatic impact on the outcome,&quot; he says.
Dogs are quite similar to their human companions
Dog anatomy and physiology
Un protocolo cl&iacute;nico para definir la
seguridad y efectividad de un
tratamiento en:
Pacientes caninos
Pacientes humanos
Requiere entre 1 y 3 a&ntilde;os
Requiere entre 5 y 15 a&ntilde;os
Gene and vector types in large animal (August 2009) and
human cancer gene therapy trials worldwide (March 2009)
GENES
CANINE
EQUINE
FELINE
HUMAN*
Antigen/Adhesion molecule
6 (23)
-
-
303 (31)
Cytokine
11 (42)
2 (66)
5 (100)
304 (31)
Marker
2 (8)
-
-
23 (2)
Suicide
3 (12)
1 (33)
-
116 (12)
Tumor suppressor / Pro-apoptotic molecule
2 (8)
-
-
167 (17)
Other
2 (8)
-
-
80 (8)
CANINE
EQUINE
FELINE
HUMAN*
3 (14)
-
1 (20)
279 (28)
-
-
-
17 (2)
Gene gun
3 (14)
-
-
5 (1)
Electroporation
3 (14)
-
-
-
Herpesvirus
-
-
-
49 (5)
Lipofection
9 (41)
1 (50)
1 (20)
88 (9)
-
-
2 (40)
-
3 (14)
1 (50)
-
159 (16)
-
-
1 (20)
53 (5)
1 (5)
-
-
174 (18)
-
-
-
169 (17)
22
2
5
993
VECTORS
Adenovirus
Adeno-associated virus
Magnetofection
Naked-DNA
Poxvirus
Retrovirus
Other
TOTAL
(*) Data for human gene therapy trials were obtained from the on line site of The Journal of Gene Medicine: www.wiley.co.uk/genmed/clinical.
Some trials combined genes and/or vectors, thus the total values can differ from the respective sums.
bed
bench
rug
Murphy's (Bio)Technology Laws
• New systems generate new problems.
• Our competitor will earn more money
with less effort.
• An expert is one who knows more and
more about less and less until he knows
absolutely everything about nothing.
• Oncology research is a high risk factor
that induces different cancer types in
healthy mice and rats.
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