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…the usefulness 
of ERT is limited 
due to the fact 
that enzyme 
distribution is 
insufficient...

Urbanelli L. Recebt Pat CNS Drug Discov. 2011; 6: 1-19..
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Enzyme targeted drugs
Include substances that modify the enzyme to make it:

1.- more accessible to organs such as the bone or the 
brain (nanomedicina).

2.- enhance enzyme activity (chaperonas) 
3.- activate enzyme synthesis by small molecules that 

induce read-through of premature stop codons of genes    
that bear a nonsense mutation. 

Substrate targeted drugs 
Substances that inhibit the synthesis or modify the structure of the 
substrate (substrate deprivation or substrate optimization, 
respectively).

Beck M. Epert Opin Emerg Drugs. 2010; 15: 495-507.
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HSCT was the first therapeutic approach 
introduced in the treatment of LSDs. 

Bone marrow has been traditionally the 
graft source for this procedure. 

However, in recent years, a number of 
patients have been treated with unrelated 
donor umbilical cord blood transplant, 
allowing rapid and increased access to 
transplantation.

Parenti G. Int J Mol Med.2013; 31:11-20.
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1.- Repopulate
specific tissues by the donor's 
healthy cells.

2.- Secretion of functional 
lysosomal hydrolases by the 
donor's cells in the 
extracellular space and into 
the blood circulation. 
The secreted normal enzyme 
may be taken up by the 
recipient cells and may cross-
correct the enzyme defect in 
these cells.

Parenti G. Int J Mol Med.2013; 31:11-20.
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Utilized in over 900 patients suffering from various LSDs, and in some 
instances with dramatic success.
Rovelli AM, Steward CG. Hematopoietic cell transplantation activity in Europe for inherited metabolic diseases: open issues and future 
directions. Bone Marrow Transplant 2005; 35 Suppl 1: S23-6.

Transplantation procedures have been performed specifically on patients 
affected by MPS I patients (Hurler syndrome) [Polgreen LE, Tolar J, Plog M, et al. Growth and 
endocrine function in patients with Hurler syndrome after hematopoietic stem cell transplantation. Bone Marrow Transplant 2008; 41: 1005-

11.], Krabbe disease [Escolar ML, Poe MD, Provenzale JM, et al. Transplantation of umbilical-cord blood in babies with 

infantile Krabbe's disease. N Engl J Med 2005; 352: 2069-81.], Gaucher’s disease [Rappeport JM, Ginns EI. Bone-marrow 
transplantation in severe Gaucher's disease. N Engl J Med 1984; 311: 84-8. Boelens JJ. Trends in haematopoietic cell transplantation for

inborn errors of metabolism. J Inherit Metab Dis 2006; 29: 413-20]., or Pompe disease [Watson JG, Gardner-Medwin D, 
Goldfinch ME, Pearson AD. Bone marrow transplantation for glycogen storage disease type II (Pompe's disease). N Engl J Med  1986; 314: 

385.].

Bone marrow transplantation has been shown to be beneficial in patients 
affected by a mucopolysaccharidosis (MPS) type I (Hurler syndrome) if
performed in an early age.
Beck M. Expert Opin Emerg Drugs. 2010; 15: 495-507.
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HSCT is indicated for the treatment of mucopolysaccharidosis (MPS) I 
(Valayannopoulos V and Wijburg FA: Therapy for the mucopolysaccharidoses. Rheumatology (Oxford) 50 (Suppl 5): 

v49-v59, 2011.) and has beneficial effects on the visceral manifestations of MPS VI, 
in pre-symptomatic or late-onset Krabbe disease, and in the attenuated forms 
of metachromatic leukodystrophy (Orchard PJ, Blazar BR, Wagner J, Charnas L, Krivit W and Tolar J: 

Hematopoietic cell therapy for metabolic disease.J Pediatr 151: 340-346, 2007.).

HSCT is considered the preferred treatment for patients with severe MPS I 
diagnosed before the age of 2.5 years, and may be considered in individual 
patients with intermediate phenotypes if there is a suitable donor.

For Krabbe disease and metachromatic leukodystrophy, disease phenotype 
and the extent of disease at the time of transplantation are of fundamental 
importance in determining outcomes.

Parenti G. Int J Mol Med.2013; 31:11-20.
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high
mortality rates in the most 
difficult of transplant 
scenarios (10-25%)

Sergey S . Current Pharmaceutical Design, 2011, 17, 2558-74.
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A significant advantage of HSCT is that, as donor-derived,
enzyme-producing cells are able to migrate to the brain. This 
procedure has the potential to improve neurocognitive function 
and quality of life, particularly when performed early in the course 
of the disease. 

On the other hand, HSCT is burdened by a significant mortality
related to the procedure, by the limited availability of suitable 
donors, by the limited number of disorders that can be treated by 
this approach and by insufficient engraftment and correction of 
pathology in some tissues, such as bone or heart.

Parenti G. Int J Mol Med.2013; 31:11-20.
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Enzima SNC Ac Alternativa

Gaucher Imiglucerasa (Cerezyme®)

Velaglucerasa (Vpriv®)
No
No

Sí
No

Reducción del sustrato (Zavesca®).: 
Ausencia ensayos extensos (Schiffman, 2008).

Experimental: AT335 (chaperona), 
Eliglustat (análogo ceramida).

Fabry Agalsidasa α (Replagal®)

Agalsidasa β (Fabrazyme®)

No
No

No 
datos

AT1001 (Chaperona) en ensayos 
fase II-III.

MPS I
(Hurler)

Laronidasa (Aldurazyme®) No Sí
Trasplante
Enz. Intratecal

(Casos  aislados).

MPS II 
(Hunter)

Idursulfasa  (Elaprase®) No Sí Enz. Intratecal 
(Ensayos fase II).

MPS VI
(Maroteaux-Lamy)

Galsulfasa (Naglazyme®) No Sí

Pompe Aglucosidasa α (Myozime®) -
Neutrali
zantes

preTto, inmunomodulador.
AT220 (chaperona).
Terapia génica.

Valayannopoulos V. Enzyme replacement therapy and substrate reduction therapy in 
lysosomal storage disorders with  neurological expression. En: Handbook of Clinical 
Neurology, Vol. 113 (3rd series) Pediatric Neurology Part III O. Dulac, M. Lassonde, 
and H.B. Sarnat, Editors. Chapter 190. pp. 1851-7.
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Is a small iminosugar molecule that acts as a 
competitive inhibitor of the enzyme, glucosylceramide 
synthase, which catalyzes the first committed step in 
glycosphingolipid synthesis and is able to cross the 
bloodbrain barrier. 

Miglustat was shown to reduce glycosphingolipid 
accumulation and cellular pathology in the brain, delay 
onset of neurological symptoms, and prolong survival 
during pre-clinical studies (Zervas et al., 2001). 

Valayannopoulos V. Enzyme replacement therapy and substrate reduction therapy in 
lysosomal storage disorders with  neurological expression. En: Handbook of Clinical 
Neurology, Vol. 113 (3rd series) Pediatric Neurology Part III O. Dulac, M. Lassonde, 
and H.B. Sarnat, Editors. Chapter 190. pp. 1851-7.
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Cox T, Lachmann R, Hollak C, Aerts J, van Weely S, Hrebicek M, Platt F, Butters T, Dwek R, Moyses C, et al: Novel 
oral treatment of Gaucher's disease with N-butyldeoxynojirimycin (OGT 918) to decrease substrate 
biosynthesis. Lancet 2000, 355:1481–1485.

Elstein D, Hollak C, Aerts JM, van Weely S, Maas M, Cox TM, Lachmann RH, Hrebicek M, Platt FM, Butters TD, et al: 
Sustained therapeutic effects of oral miglustat (Zavesca, N-butyldeoxynojirimycin, OGT 918) in type I Gaucher 
disease. J Inherit Metab Dis 2004, 27:757–766.

Heitner R, Elstein D, Aerts J, Weely S, Zimran A: Low-dose Nbutyldeoxynojirimycin (OGT 918) for type I Gaucher 
disease. Blood Cells Mol Dis 2002, 28:127–133.

Pastores GM, Barnett NL, Kolodny EH: An open-label, noncomparative study of miglustat in type I Gaucher 
disease: efficacy and tolerability over 24 months of treatment. Clin Ther 2005, 27:1215–1227.

During developmental clinical trials, miglustat induced sustained reductions of 
liver and spleen volumes, with increased hemoglobin concentrations and 
platelet counts; the plasma activity of the biomarker, chitotriosidase, also 
decreased:

Cox TM. Orphanet Journal of Rare Diseases 2012, 7:102
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Similar effects have been observed in ‘real-world’ clinical practice settings:

Giraldo P, Alfonso P, Atutxa K, Fernandez-Galan MA, Barez A, Franco R, Alonso D, Martin A, Latre P, Pocovi M: Real-
world clinical experience with long-term miglustat maintenance therapy in type 1 Gaucher disease: the  
ZAGAL project. Haematologica 2009, 94:1771–1775.

Giraldo P, Latre P, Alfonso P, Acedo A, Alonso D, Barez A, Corrales A, Franco R, Roldan V, Serrano S, Pocovi M: 
Short-term effect of miglustat in every day clinical use in treatment-naive or previously treated patients with 
type 1 Gaucher's disease. Haematologica 2006, 91:703–706.

Pastores GM, Elstein D, Hrebicek M, Zimran A: Effect of miglustat on bone disease in adults with type 1 Gaucher 
disease: a pooled analysis of three multinational, open-label studies. Clin Ther 2007, 29:1645–1654.

Cox TM. Orphanet Journal of Rare Diseases 2012, 7:102
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Alcoi (Alacant).Cox TM. Orphanet Journal of Rare Diseases 2012, 7:102

Methods: 

Adult type 1 Gaucher disease patients stabilized during at least 3 years of 
previous enzyme therapy were included in this 2-year, prospective, open-label 
non-inferiority study.

The primary endpoint was percent change
from baseline in liver volume. 

Secondary endpoints included changes in spleen volume, hemoglobin 
concentration and platelet count.

Results: 

Forty-two patients were enrolled.



Terapia de reducción del sustrato
Miglustat

Servicio de Medicina Interna.
Hospital Verge dels Lliris.

Alcoi (Alacant).Cox TM. Orphanet Journal of Rare Diseases 2012, 7:102



Terapia de reducción del sustrato
Miglustat y hueso

Servicio de Medicina Interna.
Hospital Verge dels Lliris.

Alcoi (Alacant).

It has also been suggested that miglustat improves cortical and trabecular 
bone mineral density (BMD) during 6 months to 2 years of therapy, and can 
reduce the frequency of bone pain in a sustained manner

Pastores GM, Elstein D, Hrebicek M, Zimran A: Effect of miglustat on bone disease in adults with type 1 Gaucher 
disease: a pooled analysis of three multinational, open-label studies. Clin Ther 2007, 29:1645–1654.
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METHODS: 
This was a pooled analysis of data collected prospectively over an 
observation period of 2 years from patients who participated in 3 
multinational, open-label clinical trials evaluating the efficacy and 
tolerability of miglustat 100 mg TID (the currently approved therapeutic 
dose). Bone manifestations were assessed qualitatively and in relation to 
treatment and spleen status. The effects of miglustat on BMD were 
assessed by dual-energy x-ray absorptiometry at the lumbar spine and/or 
femoral neck. Bone response was defined as a positive change in BMD, 
based on the change in BMD Z-score from baseline to months 6, 12, and 
24. Changes in BMD were also analyzed according to spleen status and 
baseline severity of osteopenia.

RESULTS: 
The analysis involved 72 patients, including 41 (57%) who had received 
previous ERT

Pastores GM. Clin Ther. 2007;29:1645-54.
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Enfermedad de Niemann-Pick C. 
Efecto de Miglustat 18 meses.

Enfermedad de NiemannEnfermedad de Niemann--Pick C. Pick C. 
Efecto de Miglustat 18 meses.Efecto de Miglustat 18 meses.

Patterson MC. Lancet Neurol 2007; 6: 765-72.
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Patterson MC. Annual Lysosomal Disease Network 
(LDN) World Symposium, 18-20 Febrero 2009, San 
Diego, EEUU. 
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Patterson MC. Annual Lysosomal Disease Network 
(LDN) World Symposium, 18-20 Febrero 2009, San 
Diego, EEUU. 
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Por otro lado, miglustat también es 
capaz de inhibir en mayor o menor 
grado los enzimas glucosidasa I y II, 
implicadas en los procesos de 
plegamiento y funcionamiento de las 
proteínas. 
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Mikosch P, Reed M, Baker R, Holloway B, Berger L, Mehta AB, Hughes DA:
Changes of bone metabolism in seven patients with Gaucher disease
treated consecutively with imiglucerase and miglustat. 
Calcif Tissue Int. 2008, 83:43–54.

Abian O, Alfonso P, Velázquez-Campoy A, Giraldo P, Pocoví M, Sancho J. 
Therapeutic Strategies for Gaucher Disease: Miglustat (NB-DNJ) as a 
Pharmacological Chaperone for Glucocerebrosidase and the Different 
Thermostability of Velaglucerase Alfa and Imiglucerase
Mol. Pharmaceutics, 2011; 8: 2390-7.
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Además, también inhibe a 
sucrasa y maltasa (dos 
disacaridasas), lo que 
posiblemente se relaciona con 
algunos de los efectos 
adversos digestivos observados 
con miglustat, especialmente la 
diarrea osmótica.  
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Enzyme Stabilization Therapy

ability of certain molecules to associate with,
and then allow abnormally folded LSD enzymes to 
either assume a more normal tertiary structure, or 
be trafficked more efficiently to lysosomes, 
thereby increasing the overall enzymatic capability 
of the respective LSD enzyme.
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For several reasons, LSDs can be 
considered excellent candidates for 
chaperone-mediated PCT. 

It is assumed that a
threshold activity of approximately 
10% is sufficient to prevent storage in 
LSDs

Parenti G. EMBO Mol Med 1, 268–279
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One of the disadvantages of a chemical chaperone,
however, is the fact that its treatment effect is restricted
to patients with missense mutations, and based on the 
analysis of molecular surveys of a large number of 
Pompe patients it may be assumed that only 10 -15% of 
these patients are amenable to enhancement therapy.

Porto C. The pharmacological chaperone n-butyldeoxynojirimycin 
enhances enzyme replacement therapy in pompe disease 
fibroblasts. Mol. Ther. 2009; 17, 964-71.
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En la Enfermedad de 
Gaucher se ha 
asociado mayor 
respuesta a las 
chaperonas en 
presencia del alelo 
N370S.

Kelly JW. Chemical chaperones increase the cellular
activity of N370S beta -glucosidase: a therapeutic strategy
for Gaucher disease. Proc Natl Acad Sci USA 2002; 99: 15428-33.
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Although pharmacological chaperone therapy (PCT) has been developed 
as a strategy to rescue mutant enzymes from degradation,
recent studies showed that chaperones are also able to
enhance physical stability and potentiate the therapeutic action of the 
enzymes used for ERT .

- Porto C. The pharmacological chaperone N-butyldeoxynojirimycin enhances enzyme replacement therapy in 
Pompe disease fibroblasts. Mol Ther  2009; 17: 964-971.

-Porto C. Synergy between the pharmacological chaperone 1-deoxygalactonojirimycin and the human 
recombinant alphagalactosidase A in cultured fibroblasts from patients with Fabry disease. J Inherit Metab Dis 
2012; 35: 513-20.

-Benjamin ER. Co-administration with the pharmacological chaperone AT1001 increases recombinant human 
α-galactosidase A tissue uptake and improves substrate reduction in Fabry mice. Mol Ther. 2012; 20: 717-26.

- Khanna R. The pharmacological chaperone AT2220 increases recombinant human acid α-glucosidase 
uptake and glycogen reduction in a mouse model of pompe disease. PLoS One 7: e40776, 2012.
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It is mutation independent,
and may thus be exploited in any 
patient on ERT.

Porto C. Synergy between the pharmacological chaperone
1-deoxygalactonojirimycin and the human recombinant alphagalactosidase
A in cultured fibroblasts from patients with Fabry
disease. J Inherit Metab Dis 35: 513-520, 2012.
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Initiation of phase 2a 
PC/ERT
coadministration clinical 
studies in Fabry
(NCT01196871) and
Pompe (NCT01380743) 
patients.

Boyd RE. J. Med. Chem. 2013, 56, 2705-25.
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Alcoi (Alacant).Sergey S. Current Pharmaceutical Design, 2011, 17, 2558-2574

Enfermedades monogénicas.
Tratamiento potencialmente curativo al corregir la 
mutación.

Fenómeno de corrección cruzada (cross-correction). 
No hace falta modificar todas las células.

Suficiente con 10% de actividad enzimática
No hace falta modificar todas las células.



Terapia génica
Fundamento

Servicio de Medicina Interna.
Hospital Verge dels Lliris.

Alcoi (Alacant).Parenti G. Int J Mol Med. 2012;  
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Modelos 
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Se suelen emplear células hematopoiéticas propias (menor rechazo).

Ensayos en varios modelos animales.

Humanos: tres casos de Gaucher tipo I sin resultados.

Ex-vivoEx-vivo

In-vivoIn-vivo

Inyección intratecal exitosa en modelos animales de MPS VII y IIIB, GM2 y 
CLN2.

10 niños con lipofucsinosis CLN2 moderada/grave: 12 inyecc. 
Intracerebrales produjo a los 10 meses retardo evolutivo de la enfermedad.  
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Potencial mutagénesisPotencial mutagénesis

Potencial  inmunogenicidad en pacientes con déficit enzimático 
severo.

Potencial  inmunogenicidad en pacientes con déficit enzimático 
severo.

Pacientes CRIM + vs. CRIM -.

Posibilidad de inducir  Ac anti enzimas.

Posibilidad de activar inflamación asociada al proceso lisosomal.

Desconocemos riesgo de desarrollo de neoplasias a largo plazo.



Terapia génica
Seguridad

Servicio de Medicina Interna.
Hospital Verge dels Lliris.

Alcoi (Alacant).

Patients lacking any production of 
endogenous protein (nonsense 
mutations and whole gene 
deletions) have been historically 
referred to as cross-reactive 
immunologic material (CRIM) 
negative (CRIM-) while those 
producing a protein that is entirely 
enzymatically inactive, or partially 
active as CRIM positive (CRIM+).

Sergey S. Current Pharmaceutical Design, 2011, 17, 2558-2574
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Aplicación con fines médicos de 
nanopartículas con fines terapéuticos y/o 
diagnósticos.

Desde el punto de vista terapéutico permiten 
una acción celular más específica de los 
fármacos, protegiéndolos de la degradación 
(Ambisome®), facilitando su acceso a las 
células diana respetando las sanas. 
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1.- Vía de transporte celular (endocitosis).

2.- Nanopartícula: Transporta fármaco así
como sustrato del receptor de la superficie 
celular que activa la vía específica de la 
endocitosis elegida para el fin perseguido.

3.- Sustrato del receptor de superficie 
celular.
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CCéélula Dianalula Diana
Orgánulo diana

Nanopartícula

Nanopartícula
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CCéélula Dianalula Diana
Orgánulo diana

Nanopartícula

Nanopartícula

ICAMICAM

Ac antiAc anti--ICAMICAM
Enzima
Enzima

ClatrinaClatrina
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Along with improved delivery of Niemann-Pick and Fabry enzymes, previously 
described, these results indicate that ICAM-1 targeting holds promise as a 
broad platform for lysosomal enzyme delivery.
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Stop-codon read-throughStop-codon read-through

In a large number of lysosomal storage disorders, nonsense
mutations have been identified that lead to premature translation
termination and to the synthesis of a truncated and
non-functional enzyme.
Gentamicina en MPS I (Hurler) útil en fibroblastos humanos.
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Proteostasis regulatorsProteostasis regulators

Small molecules that have the potential to restore the normal balance 
between protein folding, trafficking, and degradation. 

Two proteostasis regulators have been reported to restore the function 
of two mutant lysosomal enzymes in Gaucher
disease and GM2 gangliosidosis . 

Co-administration of a pharmacological chaperone and a proteostasis 
regulator exhibited synergy and resulted in further enhancement of
enzyme activity. This approach remains largely experimental.
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Creciente número de estrategias terapéuticas nuevas.

Marcada heterogeneidad entre enfermedades.

Grandes potenciales, pero la mayoría preclínicos.

Actualmente TSE y TRS con algunas chaperonas, lo 
que plantea la posibilidad de plantearse tratamientos 
combinados.

Elevado coste de técnicas más recientes (terapia 
génica).
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