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RNAi (siRNA, miRNA)
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VECTORES: 
NO VIRALES: endocitosis,  microinyección, liposomas, electroforacion

VIRALES Adenovirus AAV Retrovirus Lentivirus

Genome Type dsDNA ssDNA ssRNA ssRNA 

Host genome integration No Reported at a very 

low frequency

Yes Yes (integrase 

deficient versions 

available) 

Transgene expression Days/weeks Months/years Months/years Months/years 

Immunogenicity High Low Moderate-high Low-moderate 

Packaging capacity < 7.5kb < 5kb < 8kb < 8kb

Vector retroviral

máximo: 8Kb

Sustituir gag, pol, env 
con gene X: 
Marcador: gene Neo



VIA DE ADMINISTRACION

EXVIVO

INVIVO

TIPO DE TERAPIA

subcutaneal injection





E. RESTRICCION
EDICION GENETICA





ACTIVACION / 
SUPRESION DE LA 
EXPRESION GENICA
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Not for use in humans



Condition Intervention Phase Type Start date Finish

date 

Metastatic non  small cell lung cancer PD-1 knockout T cells from autologous origin 1 Ex vivo 2016 2018 

Muscle-invasive bladder cancer stage IV PD-1 knockout T cells from autologous origin 1 Ex vivo 2016 2019

Hormone-refractory prostate cancer PD-1 knockout T cells from autologous origin 1 Ex vivo 2016 2020

Metastatic renal cell carcinoma PD-1 knockout T cells from autologous origin 1 Ex vivo 2016 2020

Advanced esophageal cancer PD-1 knockout T cells from autologous origin 2 Ex vivo 2017 2018

Gastric carcinoma stage IV, nasopharyngeal 

carcinoma stage IV, T-cell lymphoma stage IV, 

Hodgkin lymphoma stage IV, diff use large B-

cell lymphoma stage IV

PD-1 knockout T cells from autologous origin 1/2 Ex vivo 2017 2022 

HIV-1-infection CCR5 modifed CD34+ hematopoietic 

stem/progenitor cells from donors

1 Ex vivo 2017 2021 

B-cell leukemia, B-cell lymphoma gene-disrupted allogeneic CD19-directed BBζ CAR-

T cells (termed UCART019) will be generated by 

combining the lentiviral delivery of CAR and

CRISPR RNA electroporation to disrupt 

endogenous TCR and B2M genes

1/2 Ex vivo 2017 2022 

Human  papillomavirus related malignant

neoplasm

TALEN and CRISPR/Cas9 1 In vivo 2018 2019

Neurofbromatosis type 1 establish isogenic NF1 wild-type (NF1+/+), NF1

heterozygous (NF1+/-), and NF1 homozygous 

(NF1-/-) patient-specifc iPSC lines using 

CRISPR/Cas9 technology

1 Ex vivo 2017 2019 

Gastrointestinal infection knockout CRISPR and gain-of-function CRISPR

SAM Procedure: duodenal biopsy

1 Ex vivo 2018 2020

CRISPR: ENSAYOS CLINICOS EN CURSO



RNAi: siRNA



Compound Application

route

Formulation/

modification

Target Indication Company Clinical

status

Bevasiranib intravitreal – veGF Age-related macular degeneration Opko Health inc. Phase III, 

terminated

AGN-745

(Sirna027)

intravitreal – veGF Age-related macular degeneration Allergan/Sirna Phase II,

terminated

ALN-RSv01 inhalation – RSv 

nucleocapsid 

RSv infection after gene lung 

transplantation

Alnylam

Pharmaceuticals

Phase II,

completed

RXi109 intradermal Asymmetric siRNA with phosphorothioates

and lipophilic ligands

Connective 

tissue growth

factor 

Dermal scarring after surgery RXi Pharmaceuticals Phase II

QPi-1002 intravenous Modified siRNA (alternating 2′-0-Me) p53 Delayed graft function and acute kidney 

injury

Quark Pharmaceuticals/

Novartis

Phase II

CALAA-01 intravenous RONDeLTM (cyclodextrin-based 

formulation with PeG and transferrin)

M subunit of 

ribonucleotide

reductase

Solid tumors Arrowhead Research 

Corporation

Phase I 

completed

Patisiran

(ALN-TTR02)

intravenous SNALP TTR TTR amyloidosis (FAP) Alnylam

Pharmaceuticals

Phase III

ALN-TTRsc Subcutaneous GalNAc conjugate TTR TTR amyloidosis (FAC) Alnylam

Pharmaceuticals

Phase II

ARC-520 intravenous Dynamic polyconjugate

(co-injection with

siRNA)

Coagulation 

factor 7

Hepatitis B Arrowhead Research

Corporation

Phase II73,75

siRNA-ephA2-

DOPC

intravenous Liposome (DOPC) ePHA2 Advanced cancers MD Anderson

Cancer Center

Phase II

TD101 intradermal 

injection/

microneedle

Modified siRNA (“Accell”: 2′0-

Me, cholesterol, phosphorothioates)

Keratin 6a Pachyonychia congenita Trans Derm Phase I

completed

Atu027 intravenous Atuplex® (liposome)

with AtuRNA® (2′-O-Me)

Protein kinase 

N3 

Advanced solid cancer Silence Therapeutics Phase II

Atu111 intravenous DACC lipoplex Angiopoietin-2 Lung indications Silence Therapeutics Phase II

PF-655 intravitreal AtuRNA® (2′-O-Me) RTP801 Diabetic macular edema/age-related 

macular degeneration

Quark Pharmaceuticals/

Pfizer

Phase II

QPi-1007 intravitreal Modified siRNA

(alternating 2′-0-Me)

Caspase 2 Optic nerve atrophy and non-arteritic 

ischemic optic neuropathy

Quark

Pharmaceuticals

Phase I/IIa

siG12D 

LODeR

intratumoral LODeRTM (PLGA  matrix) Mutant K-Ras 

G12D  

Pancreatic ductal adenocarcinoma Silenseed Phase I/II

TKM-PLK1 Hepatic 

intraarterial/

intravenous

SNALP PLK1 Liver cancer Tekmira Pharmaceuticals Phase I/II

ND-L02-S0201 intravenous vitamin A-coupled lipid nanoparticles HSP47 Fibrosis Nitto Denko Corporation Phase I

DCR-MYC intravenous Lipid anoparticles (enCore) MYC Hepatocelluar carcinoma Dicerna Pharmaceuticals Phase I



RNAi: miRNA





•Amplia distribucion tisular, excepto SNC

•Acumulación en túbulo renal proximal

•No atraviesan BHE, pero si se distribuyen por el SNC tras 

administracion intratecal (bolo)

•Efecto acumulativo en músculo

•E. secundario: trombocitopenia ->sangrado



Target gene Chemistry Mechanism Treatment route Design (phase)

Drisapersen DMD (exon 51) 2ʹ-OMe Splicing modulation Subcutaneous or IV Open label (I–II)

Subcutaneous Placebo-controlled (I)

Placebo-controlled (II)

Placebo-controlled (III)

Open label (III)

Eteplirsen DMD (exon 51) PMO Splicing modulation Intravenous Single blind (I–II)

Open label (I–II)

Placebo-controlled (II)

Open label (II)

Open label (III)

PRO044 DMD (exon 45) 2ʹ-OMe Splicing modulation Subcutaneous or IV Open label (II)

PRO045 DMD (exon 45) 2ʹ-OMe Splicing modulation Subcutaneous Open label (II)

SRP-4045 DMD (exon 45) PMO Splicing modulation Intravenous Placebo-controlled (III)

SRP-4053 DMD (exon 53) PMO Splicing modulation Intravenous Placebo-controlled (III)

Nusinersen SMN2 2ʹMOE-PS Splicing modulation Intrathecal Open label (I)

Open label (I–II)

Open label (II)

Sham-controlled (III)

Open label (II)

Sham-controlled (II)

Open label (III)

IONIS-TTR TTR 2ʹ-MOE-PS RNase H‐mediated degradation Subcutaneous Placebo-controlled (III)

IONIS‐HTT HTT 2ʹ-MOE-PS RNase H‐mediated degradation Intrathecal Placebo-controlled (I–II)

IONIS-SOD1 SOD1 2ʹ-MOE-PS RNase H‐mediated degradation Intrathecal Placebo-controlled (I)

ISIS-DMPK DMPKS 2ʹ-MOE-P RNase H-mediated degradation Subcutaneous Placebo-controlled (I–II)

TL1102 CD49d 2ʹ-MOE-PS RNase H‐mediated degradation Subcutaneous Placebo-controlled (I–II)

ASO: ENSAYOS CLINICOS



- Tolcapon ●●●

POLINEUROPATIA AMILOIDEA FAMILIAR (TTR)



Patisiran APOLLO RCT & OLE______

Inotersen IONIS TTRRx RCT_____  



• Genetic modifying therapy
– siRNA                ASO

patisiran inotersen

• at 2 yrs: 14/27 (71%) no progression

• APOLLO RCT: effectiveness at 1.5 yr on all 
endpoints



ENFERMEDAD DE HUNTINGTON



•Ratas: 6 semanas (inicio déficit motor a 5 semanas
•Reducción niveles PMP22 50%
•Mejoria motor y neurofisiológica



79 exones, mRNA 14 kb excede capacidad de vectores; se requieren 3 vectores o minidistrofinas
Inyeccion IV, intraarterial, intraperitoneal
Efecto variable. Musculo cardiaco es más resistente  insuficiencia cardiaca por aumento de movilidad



Age Intervention Clinical trial outcomes main finding

5–19 None Observational I: resting energy expenditure (REE)

II: BMIZ-score

High prevalence of obesity and no difference 

between REE in ambulators and non-ambulators.

7–25 eplerenone Phase I I: myocardial damage by late gadolinium enhancement

cardiac magnetic resonance (LGE) 

Effective and safe cardioprotection, especially when 

started at younger age.

5 and 

older  

ataluren Phase II I: 6MWD  II: meaningful differences between treatment

and  placebo

Promising improvement as a treatment for DMD.

7–14  tadalafil Phase III I: 6MWD  II: North Start Ambulatory

Assessment and timed function tests state.

No significant effects on disease. Adverse events 

consistent with known safety profile and disease

10–18 ibedenone Phase III I: changes from baseline in

FVC and FVC% by spirometry

Fewer treated patients with decline by a margin of 

10%, 30%, 40% or 50% compared with placebo.

7–11  givinostat N/A I: histological evidence Reduced amount of fibrotic tissue  and increased 

fraction of muscle tissue.

5–11 AAV 

minidystrophin

Phase I I: safety, response and

therapeutic transgene expression measurement

Well-tolerated vector, but overall low 

minidystrophin transgene expression.

24–37 AVV follistatin Phase I/II I: 6MWD

II: histology

Improved 6MWD. Reduced endomysial fibrosis, 

central nucleation and increasednormal fibre size 

distribution with hypertrophy.

N/A drisapersen Phase I/II I: pharmacokinetics and safety

II: dystrophin expression, muscle strength and function

(6MWD)

Well-tolerated over 188 weeks with possible renal 

effects, thrombocytopaenia and injection-site 

reactions.

Improvement in 6MWD at 12 weeks and sustained 

after 3.4 years of dosing.

5 and 

older

drisapersen Phase II I: 6MWD II: safety, and renal, hepatic and haematological

monitoring

Some benefit in 6MWD. No serious adverse events 

reported.

7–18 eteplirsen N/A I: change in number (%) if   dystrophin positive fibres

II: 6MWD and adverse events

Statistically significant progress in 6MWD in treated 

group and lower incidence of loss of ambulation. 

Well-tolerate dosage.



AME





Therapeutic approach Therapy Target Stage of development

SMN-targeted therapies Nusinersen (ASO) SMN2 splicing Approved

Other experimental ASOs SMN2 splicing Clinical trial (phase I, II and III), 

preclinical

Small molecules: RG7910, 

LMI070

SMN2 splicing Clinical trial (phase I and II)

Gene therapy: AVXS-101 SMN1 replacement Clinical trial (phase I)

Neuroprotection Olesoxime Mitochondria Clinical trial (phase II and III)

Muscle enhancement CK2127107 Fast troponin (activator) Clinical trial (phase I and II)

SRK-015 Myostatin (inhibitor) Clinical trial (phase I)

Pyridostigmine, 4-aminopyridine Fatigability and endurance Clinical trial (phase II and III)

Exercise and/or physiotherapy Overall muscle strength NA

Modifiers of SMA Upregulation of UBA1: possible 

gene therapy or small-molecule 

therapy

Ubiquitin homeostasis Preclinical

Upregulation of PLS3: possible 

gene therapy or small-molecule 

therapy

Actin dynamics Preclinical

Downregulation of NCALD: 

possible gene therapy or small-

molecule therapy

Endocytosis Preclinical

Quercetin-mediated inhibition 

of CTNNB1

Motor neuron stability Preclinical

Fasudil-mediated inhibition of 

ROCK

Actin dynamics Preclinical



CONTROVERSIAS:

DE LA TECNICA: VEHÍCULO DE APLICACIÓN, VIA DE 
ADMINISTRACION

OFF TARGETS/ON TARGETS, OTROS

ETICOS: USO DE IPSC, CAMBIOS EN EL GENOMA

LEGALES: USOS CLINICOS, PATENTES,..

ECONOMICOS

ENFERMEDADES RARAS DE BAJA FRECUENCIA

VENTANA TERAPEUTICA


