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Some limitations of current

therapies

• Drugs usually administered systemically may

cause long-term side effects.

• In some cases the drug does not reach the target 

organ efficiently, as often happens in the brain

and the blood brain barrier.



• Gene therapy

• Somatic cell therapy

• Tissue engineered product

ATMPs

• The patient's own cells produce the drug.

• One single dose may be enough for 

whole life treatment

• Introduce the therapeutic gene in the

affected patient cells (gene therapy)

• Use of cells of corrected or healthy cells

(cell therapy) or tissues.

ATMPs (Advanced-Therapy-Medicinal-Products)





Successful gene therapy trials in humans



Protein

Gene of 

interest

• It does not exist an ideal vector for all the diseases

The use of genetic material (DNA, RNA) therapeutically

What is geGene Therapy ?



• Biosafety level 1

• Do not contain viral genes

• Easily to produce at large scale and GMP conditions

AAV Vectors



Ex vivo and in vivo Gene Transfer with AAV vectors: 
Advantages

• AAV vectors are classified as BLS-1

• Generation of AAVs vectors is very flexible and in high titers. 

• For non-dividing cells as neurons or muscle fibres AAV vectors 
are highly recommended. 

• Gene editing or integrative systems are currently used in 
combination with these vectors to achieve long-term expression
in dividing cells (both ex vivo and in vivo approaches).

• Relatively low induction of immune response

• Currently used in human trials



Vectors with tropism to specific cell types

brain
brain

,
,



• Nowadays, there is not a specific cure for many diseases affecting

the Nervous System. 

• Among them are neurodegenerative diseases such as 

mucopolysaccharidosis type VII or Alzheimer disease, immune

diseases such as multiple sclerosis, and disorders associated with

aging as dementia. 

• CNS is protected by the Blood Brain Barrier

• Neurons are completely differentiated, quiescent, thus not all gene 
transfer vectors will be able to infect them

Characteristics of CNS important for gene 

transfer



Different AAV Serotipes transduced different 

types of cells in the CNS

AAV2 AAV4 AAV5

Davidson BL et al. PNAS 2000

Mol Ther 2004, 2:302-17

High efficiency in transducing neurons

Biosafety

Easy to produce at high titer

Low immunogenicity

Long term expression

Some serotypes may cross the BBB



• One single dose treatment: one single administration, years of treatment. 

• Possibility to deal with chronic diseases. 

One single dose = long-term expression



AAV stability in the Central Nervous System



Cognitive decline and aging

Many animal species, with a significative shorter half-life than

humans, show similar cognitive decline at the end of life,

indicating that specific biological processes rather than the

length of lifetime are the main responsibles for brain aging.



• Rapamicin, immunosupressor drug that increases lifetime in mice 

• Caloric restriction, increases resistance to stress and reduces oxidative 

damage and inflammation in mice. May increase half-life up to 50%.

Factors that may increase longevity

• Genetic background and healthy

diets are more important for

longevity than caloric restriction.

• Telomerases, protects chromosomal integrity

• Stem cells, participate in tissue regeneration.

• Pro-longevity factors as sirtuins or Klotho



• Protein associated with longevity. Produced in 

kidney and brain. 

• Discovered in mutant mice with a severe aging

phenotype at muscular, vascular and mental 

levels. 

Klotho: Antiaging protein



In CNS the KO Klotho mice have memory deficits, alterations in
axonal transport, less synapsis in hippocampus, hippocampal
degeneration, and deficit in myelin production.

• Neuroprotector factor against oxidative stress
• Neuromodulation of the synapsis
• Myelinating factor
• Axonal transport 
• Cognitive enhancer

Functions of Klotho in the CNS



• En humanos, los niveles de klotho levels se reducen con la edad, y esta
reducción es más evidente en pacientes de Alzheimer

Semba et al, 2014 

Klotho as a diagnostic tool
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s-KL (70KDa)

Secreted Klotho isoform

KL1

• Our group reported recently that the secreted Klotho isoform is produced and 
stable. It is expressed in the CNS, and could be considered the specific brain
isoform of klotho.

A. Masso, Plos One, 2015

• It is unknown which
klotho functions in brain
are exclusive of s-KL



Secreted Klotho in CNS

1. sKL levels decay during aging

2. sKL levels decay rapidly in AD, and this
reduction is statiscally significant BEFORE 
tha apparition of beta-amyloide plaques 
and cognitive deficits

• We analyzed the levels of sKL in different mice models of aging

• We analyzed HC, Cx, CxPf y CB

A. Masso, Plos One 2015

Cause or consequence?



• It has been demosntrated a significant correlationship between Klotho
and connitive performance. 

• The question is:        Is Klotho the cause or the consequence of it?

We have long experience in manipulating genetically the levels of a specific protein in vivo

Secreted Klotho as a therapeutic molecule



✓ Murine model of natural aging. Treatment at 12m of age and evaluation at 18m. 

✓ Disponibility of an efficient AAV vector to transduce neurons, without scondary
effects.

✓ We have a candidate gene(Klotho, sKL). Pleiotropic. Secreted isoform.

✓ Administration of a single dose

www.viralvector.eu

Secreted Klotho as a therapeutic molecule



T-maze: increase in CNS s-KL expression can significantly improve the score compared 
to control group, as checked by less errors to choice the non-visited arm of the maze 
(p = 0,0018) 

Secreted Klotho as a therapeutic molecule



Water-maze: To assess long-term memory retention. s-KL group prioritize much more efficiently the Plat 
quadrant compared to control group (p<0.01), indicating that increased levels of s-KL in the CNS have a 
significant effect on long-term memory, improving its performance.

1) Long-term expression of AAV-secreted Klotho vectors specifically in 

the CNS enhances cognitive performance in aged naive animals

2) No secondary effects observed

Secreted Klotho as a therapeutic molecule



WT-AAV/Null WT-AAV/sKL Males WT GFAP

M
w
tN

ul
l (
n=

7)

M
w
tK

l (
n=

5)
0

50

100

150

200

*

C
T

C
F

GFAP (CA1 – stratum radiatum) 

Males NeuN Intensity

M
AdN

ul
l (

n=
8)

M
AdK

l (
n=

6)

M
w
tN

ul
l (

n=
6)

M
w
tK

l (
n=

6)
0

100

200

300

400

C
T

C
F

Males NeuN Intensity

M
AdN

ul
l (

n=
8)

M
AdK

l (
n=

6)

M
w
tN

ul
l (

n=
6)

M
w
tK

l (
n=

6)
0

100

200

300

400

C
T

C
F

Males NeuN Intensity

M
AdN

ul
l (

n=
8)

M
AdK

l (
n=

6)

M
w
tN

ul
l (

n=
6)

M
w
tK

l (
n=

6)
0

100

200

300

400

C
T

C
F

NeuN (CA1)

Secreted-Klotho isoform protects against age-

dependent memory deficits in aged animals

Iba1 Intensity

A
D
N
ul
l (
n=

3)

A
D
K
lo
th
o 
(n

=5
)

0

20

40

60

80

**C
T

C
F

Iba1 (CA1 – stratum radiatum) 



• Long-term expression of secreted Klotho specifically in the CNS 

enhances cognitive performance in aged naive animals

➢ Determine if other parameters such as mielination, synapsis, neuronal 

viability, etc, are also improved

➢ Test the effect of klotho as a therapeutic protein in animal models of AD.   

Summary and perspectives



AAV and Blood Brain Barrier



Incidence: 1:250,000 births

Wide range of clinical severity
and disease onset

GUSB β-Glucuronidase 

Mucopolysaccharidosis VII



Birth                             8

16 weeks
6 weeks

AAVrh10

Short term
3.5 months

Long term
6 months 

n = 8 to 12 

14 24 weeks

MPS VII half life: 
4.2 months

Experimental Design



Scale bar: 20 μm

Biochemical and histopathological correction

• Biochemical and histopathological correction in peripheral tissues (liver and heart)
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Biochemical and histopathological correction

• Biochemical and histopathological correction in peripheral tissues (liver and heart)
• Hepatomegaly correction and skeletal partial recovery
• CNS biochemical correction
• Spinal cord: biochemical correction
• Lysosomal distension (LAMP-1 accumulation)
• Behavioral studies

Perspectives:

• Test AAV vectors able to cross the BBB

• Check the effect of the immune response when overexpressing proteins in 
patients with absence of target protein



Figures kindly provided by Assumpcio Bosch

Gene therapy in PNS



Gene Therapy (2011) 18, 622–630

Serotype
Transduced cell 

type

AAV1
Neurons/Schwann 

cells

AAV2 Neurons

AAV8 Schwann cells

AAV vectors for peripheral nerve
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GAP43

Actin

Actin

P0

GFP IGF-I

GFP IGF-I

• Regeneration

• Myelination

Diabetic polyneuropathy

Targeting the PNS by viral gene therapy 

vectors

Homs et al, Gene Ther. 2011

Homs et al. J Peripher Nerv Syst. 2011

Ariza et al, Neuroscience. 2014 



AAVrh10
Increased motor nerve conduction
velocity and sensory compound
nerve action potentials

Tractament

Paràmetre

AAVrh10-GFP (n=7) AAVrh10-IGF-I  (n=15)

Setmana p.i 3 4 3 4

Múscul plantar

CMAP (mV) 6.6 ± 0.9 6.3 ± 0.6 6.3 ± 0.3 5.5 ± 0.3

MNCV (m/s) 34.7 ± 2.1 36.7 ± 3.2 41.3 ± 2.2 42.3 ± 2.6

Nervi digital

CNAP (µV) 29.2 ± 3.0 19.0 ± 3.1 36.3 ± 3.0 31.2 ± 2.6 a

SNCVp (m/s) 40.2 ± 1.7 44.6 ± 2.8 44.1 ± 2.8 46.7 ± 2.4

SNCVd (m/s) 28.1 ± 1.4 24.8 ± 0.9 28.6 ± 0.9 25.6 ± 0.6

GFP AAV1 IGF-I AAVrh10 IGF-I

AAVrh10-IGF-I improves regeneration and myelination in 
injured sciatic nerve



Gene Therapy (2011) 18, 622–630

AAV vectors for peripheral nerve regeneration

AAV8-CNTF AAV8-GFP



AAV for diseases affecting muscle

Wang et al, Nature Biotechnology, (2005) 23(3):321-328



Intravitreal Injection

Subretinal

injection

AAVs for diseases affecting eye



Scotopic: Visió baixa lluminositat

Achromatopsia: bastons bé. Veuen amb poca llum

cons afectats: no color, no veuen amb molta llum



• Pfizer has dosed the first patient in a trial of a DMD gene therapy acquired as part
of its $700 million takeover of Bamboo Therapeutics in 2016.

• Roche has just acquired Sparks Therapeutics for $4.300 miilion



• Gene therapy allows specific and efficent control of the expression

of specific gene(s)

• Gene therapy allows basic research as well as preclinical/clinical

research for monogenic or monogenic diseases, but also to other

diseases

• AAV vectors allows long-term safe gene expression with just one

single administration

• Several diseases have been cured and more clinical trials are 

currently in progress

Teràpia Gènica amb Vectors Adenoassociats

TAKE HOME MESSAGE



web site: 
www.viralvector.eu


