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What is CSIC?

Consejo Superior de Investigaciones Cientificas
(Spanish Council for Research)
Main public research organization
Staff: > 5.000 tenured scientist
Centers/Institues: >130
Eight fields of research: Life sciences
Food technology
Social Sciences...

Translational Medicinal & Biological Chemistry Lab.
Design and synthesis of potential new drugs
Multidisciplinary medicinal chemistry research
Organic chemistry

Molecular modeling

ADME properties

Biological Screening

Training of postgraduate students

Cooperation with pharmaceutical companies



Research fields

Alzheimer

Disease Parkinson

Amyotrofic Disease

lateral
Sclerosis

Fragil X /

Autism
Multiple
sclerosis
Schizophrenia
Stroke
Retinitis
pigmentosa
Myotonic Glioblastome
Dystrophy Dravet
syndrome

Translational research

From the bench to the society



Translational research

WHAT DO THEY
NEED?

Accurate diagnostic
Good drugs
Quality of life

WHAT DOES IT
PROVIDE?

Molecular knowledge
New active principles
Technology
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Translational research
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From the lab to the market
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Birth of new drug
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Translational research

The valley of death

B. Mellor, Nature 2008

From the bench to the patient

Translational research

The valley of death

From the bench to the patient



Translational research

Bridgening the
death valley

Scientist

Public-private
research

Bussiness

manager

From the bench to the patient

Translational research

SOME KEY POINTS

Paving the way

to the market

Publications
Scientist
Sharing the
knowledge
worldwide
Impact factor

Excellence

Quality
Public-private
research

Resilience

Constant

Bussiness
manager

Patents
Legal protection
document (25 Y)

Novelty
Inventive activity

Productivity

Quantity
Entrepeneur

Creative



Translational research

Publications

Excellence Patents

Resilience Productivity

Entrepeneur

Alzheimer's disease

Mild cognitive Alzheimer’s Disease
impairment — Mild  Moderated  Severe



Alzheimer’s disease: etiology

[3-amyloid

tau

Post-traslational

proteins *Excitotoxicity
modifications sInflamation
-Oxidative stress
*Cholinergic system deficits

GSK-3 and AD

Stables

B

Neuron

K. Leroy et al.
Neuropathol Appl Neurobiol. 2007 33:43-55.

Neurofibrillary
tangles

[B-amyloid toxicity
Microglia activation
Decreased LTP

C. Hooper et al.,
J Neurochem. 2008,
104:1433-1439



Work-case: GSK-3 inhibitors
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A. Martinez, et al. Med. Res. Rev., 2002, 22:373-84

I. Dorronsoro, et al. Exp. Opin. Ther. Pat., 2002, 12:1527-36
M. Alonso, et al., Curr. Med. Chem., 2004, 11:755-63

A. Martinez, Med. Res. Rev., 2008, 28:773-96.

TDZDs: GSK-3 inhibitors

TDZDs are GSK-3 inhibitors

o TDZD  IC50 (uM)
Thiadiazolidindiones TDZD-15 33
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Martinez A et al. J Med. Chem., 2002, 45:1292-1299
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TDZDs: GSK-3 inhibitors
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Martinez A et al. J. Med. Chem., 2005, 48:7103-12

TDZDs: GSK-3 inhibitors

Second generation TDZD's.
Potent pharmacological action
and improved
pharmacokynetic properties

oral bioavailability

BBB crossing

Long half-time life

safety profile
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TDZDs: tideglusib

Morris Water
Maze

Increase on spatial
learning ability and
memory

Serend L. et al. Neurobiol Dis. 2009, 35, 359-67.

TDZDs: tideglusib
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Gliosis Neuronal death

Chronic oral treatment decreases amyloid load, phosphorylated tau
protein, gliosis and neuronal death

Sereno L. et al. Neurobiol Dis. 2009, 35, 359-67.




TDZDs: tideglusib
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TDZDs: tideglusib

Clinical Phase llb ARGO

¢300 AD patients

e Daily oral freatment for 24 weeks
(500 and 1.000 mg)

N=15 active and 6 placebo patients

Lovestone S, et al. J Alzheimers Dis. 2015, 45:75-88

TDZDs: tideglusib
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Clinical Development
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GSK-3 inhibitors: new avenues

Fragil X Syndrom (Autism)
GSK-3 inhibitors reverse deficits in Long —term
potentiation and cognition in Fragile X mice

Franhlin, AV et al. Biol Psychiatry 2014, 75:198-206

TDZDs: tideglusib
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Methodology

Structure (fridimensional)
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PDE/ inhibitor for PD therapy

Neuroprotection on SH-SY5Y cells tfreated with 6-OHDPA.
$14 mechanism of action
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JA Morales, et al. Phosphodiesterase 7 (PDE7) inhibition preserves dopaminergic neurons in
cellular and rodent models of Parkinson disease. PLoS ONE, 2011; 6(2):e17240.

PDE7 inhibitor for PD therapy
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J. Morales-Garcia et al. PLoS ONE 2011
6, e17240



PDE/ inhibitor for PD therapy

Target validation by classical genetics methodology (siRNAS)
LPS model 6-OHDPA model:

Control

Non-targeting

shPDE7B+LPS shPDE7+LPS Control
Non-targeting
shPDE7+60HDA

shPDE7B+
60HDA

JA Morales, et al. Silencing Phosphodiesterase 7B gene by lentiviral shRNA interference attenuates
neurodegeneration and motor deficits in hemiparkinsonian mice. Neurobiol Aging, 2015;36:1160-1173.

PDE7 inhibitor for PD therapy

In vitro neurogenesis: neuroespheres from subventricular
zone of adult rat
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J. Morales-Garcia et al. Phosphodiesterase 7 inhibition induces dopaminergic neurogenesis in hemiparkinsonian
mice. Stem Cells Trans Med 2015, 2014-027



PDE/ inhibitor for PD therapy

p.o. 10 mg/Kg

In vivo neurogenesis:
6-OHDA model

S$14 increases
dopaminergic neurons
neurogenesis

J. Morales-Garcia et al. Phosphodiesterase 7 inhibition induces dopaminergic neurogenesis in hemiparkinsonian
mice. Stem Cells Trans Med 2015, 2014-027

S14: new drug candidate for PD
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Methodology

Emil Fisher Key and lock
Chemistry model
Nobel Prize
1902
Neurodegenerative

diseases:
« Complex diseases
« Unknown etiology

Multitarget drugs

Multiple Sclerosis

Prevalence by country (2013)

The estimated number of people with
MS has increased to 2.3 million in 2013
MS is found in every region of the world.



Multiple Sclerosis

Activation of
inmmune response

() _ (b)
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Neurodegenerative

New therapeutic target

Differential distribution of
PDEs in the brain

Differential distribution of
PDEs in B cells

F. Gantner et al
British J Pharmacol. 1998, 123, 1031
PDE7B

C. Gil, et al. PDE7 inhibitors as new drugs for neurological and

inflammatory disorders
Expert Opin. Ther. Patents 2008, 18, 1127.



PDE/ inhibitors

Chemical genetic approach

Discover/design chemical probes structurally diverse to
study the target cell function (physiological and
pathological)

Drug candidates (after drugable profile optimization)

Medicinal chemistry strategies used:
*Virtual screening using similarity index dsﬂfh
N

T. castano, et al

quinazolines ChemMedChem. 2009, 4,

Ay R
S R'l HI
866.
Pharmacophoric search on 3D-Compound Data Ba 0
. R M. Redondo, et al J. Med. ¥ '| Q
nem

M. Redondo, et al

*Neuronal Network based drug discover !
ACS Chem. Neurosci.

5-imino-thiazoles _ 2012, 3, 793.

Dual G8XE3/Abibrtovmibitors

5-IMINO TIADIAZOLES

R2
,
S’N 1
R
R ,)\N/>—
BrH

Ph Ph CH,CO,Et (+) 1.13
Ph Ph (CH,) ,OH (+/-) 1.11
pOMePh  Ph CH,Pyr (+) 0.86
pOMePh Ph (CH,) ,OH (+) 1.50
pOMePh  Ph Ph (+) 4.36
pOMePh  Ph CH,CO,Et (+/-) 0.89
pOMePh  Ph n-Pent (+/-) 0.81
Ph pOMePh CH,Pyr (+) 0.85
Ph pOMePh (CH,),OH (+) 1.18
Ph pOMePh CH,CO,Et (+) 0.78
Ph Ph Ph (-) 34.8



New freatment: VP3.15

Ligand
First messenger

VP3.15 is a dual allosteric
inhibitor of GSK-3 and PDE7. It

Minclzratr;? may delicately restore the
P homeostasis in complex events
such inflammation and
neurodegeneration.
Cytoplasm Efector
gEeies Activate
Cyclase enzymes
2 P
Second >
messenger -~
Cascade of Ti e
s cellular
Inhibitor _l responses ?
Adapted from: T

ACS Chem Neurosci. 2014, 5, 194.

VP3.15 and GSK-3

/_

New freatment: VP3.15

VP3.15 belongs to the .
iminothiadiazole (ITDZs)

family: the first substrate
competitive GSK-3 inhibitors

reported until now (J mMed
Chem. 2012, 55:1645)

ATP
binding
site —~—_|

Bub:
inding site

GSK-3

GSK-3 in MS

EAE model, administration of GSK-3
inhibitors effectively prevents the
disease and almost completely

terminates ongoing disease (J immunol
2013; 190:5000-5011).



New freatment: VP3.15

VP3.15 and PDE/ PDE/7 and MS
« VP3.15is an allosteric « PDE7 inhibitors produce therapeutic effects
inhibitor of PDE7 (gur J in vifro and in vivo models of MS such EAE
Med Chem. 2013, 70:781) and Theiller virus models and promote the
differentiation of OPCs.
Allosteric
ﬁmﬁ,g :iitneding B e TMEV + vehicle TMEV + TC3.6
site = EAE
£ TC36(25)
- TC3.6(10) IL-1B
TNFa
B Cell. Mol. Life Sci.,
cox2 2013, 70, 3449-3462
PDE7 Dot
Front view Back view British J. Pharmacol. _

2013, 170, 602-613

British J. Pharmacol.
2015, 000

New freatment: VP3.15

Remyelinating activity

- VP3.15 is able to promote OPC differentiation (from mice and from
humans) with great efficacy
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g 015 Immunofluorescence images to detect the

_‘c}, ’ expression of CNPasa and Olig2 on adult

O 01 OPCs from human cerebral cortex, after 5

+q') days in differentiation medium in the presence
g 0057 of VP3.15 (1 uM) . The number of

% 0 differentiated cells was higher than in control
O CT VP3.15 VP3.15 - R R conditions



New freatment: VP3.15

Remyelinating activity
- VP3.15 and VP1.15 increase the ex vivo remyelizanation in cerebellum
slices freated with lysophosphatidyl choline (LPC)

Protocol and images showing a
3D reconstruction of cerebellum
slices. Non-lesioned tissue shows
most of axons (green) wrapped
by aligedendrocytes (red). After
induction of demyelination for 16h
with LPC, the loss of most of
oligodendrocytes was observed.
Images show tissue after 1 and 3
days post lesion (DPL) where
oligodendrocytes (red) and axons
(green) can be observed and the
overlapping areas (white) show
myelinated fibers after the
treatment with 5 mM of VP1.15
and VP3.15

New freatment; VP3.15

Remyelinating activity

- VP3.15 and VP1.15 increase the in vivo remyelizanation in mices
treated with lysophosphatidyl choline (LPC)

LPC || LPC+VP115 = LPC+VP3.15 |

Lesioned area to study

remyelination in the Images of electronic microscopy showing the ultraestructure of the corpus
corpus callosum. B) callosum of adult control mice (a) and corpus callosum of mice

Brain dissected for demyelinated by injection of LPC (b-g) and later intraperitoneally injected
being studied with the vehicle (b,e) or VP1.15 (c,f) or VP3.15 (d,g). Mice perfused 14

days post lesion were treated with two injections while mice perfused 21
DPL received one more injection



New freatment: VP3.15

Remyelinating activity
- VP3.15 and VP1.15 increase in vivo remyelizanation after the
tfreatment with cuprizone

Traslational research

The valley of death

B. Mellor, Nature 2008

From the bench to the patient



Clinical trials

..... looking for a team of investors... Phase 1
(Licence to big
pharma)
Value
x 2-10 fold
20 y 2 years >

Financial needs: 2M €
(tickets from 100.000 €)

From the lab. to the bedside (clinical trials)

Conclusions

There are strategies and actitudes that allow to pave
the way to the market in the drug discovery field

Only multidisciplinary teams are able to translate
innovative results to society

Busca un amigo bidlogo
Veeroer e comparte lo que te
guede de financiacion...jsi
quedal.

Private-public collaboration is an effective way to
have new drugs in the future

Encuentra una empresa que crea en fi......o0....
iipuedes hacerte empresariol!
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