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A Drosophila high-throughput drug screening platform identifies inhibitors
of misregulated alternative splicing events in myotonic dystrophy

Irma Garcia-Alcover



Consequences of traditional HTS drug discovery
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“Poor selection of hits
with limited predictive
value for clinical
outcome”

“Slow-down in the

development of new and

Innovative medical
products”

“Waste of funds (millions of $)
and efforts (years of research)”




Weakness of hits from traditional HTS drug discovery

*Unpredicted toxicity

*Off-target interactions leading to undesirable side
effects

*Therapeutic effects not translating to traditional
mammalian models and humans In the clinic (.e.
neuromuscular diseases) when cell-organ physiological
connections critical in development of disease

‘Time component of disease progression not
recapitulated
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Drug discovery problems

Traditional drug development

° Between 12 and 15 years
* Investment ~800 millions $
* 80% of cost in preclinical assays
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Model organisms

Toxicity and activity
evaluation in the same

experimental approach:

entire organism




in vivo drug discovery benefits

“shift from one disease-one target
to multifactorial disease paradigm:
drug discovery in whole animals”




in vivo drug screening

* Information of the therapeutic effect of a compound in a complete
organism

« Several advantages vs in vitro

Compounds identified by positive screening have two main
characteristics:

» Ameillorate a phenotype that mimics hallmarks of the human disease

 Their pharmacological properties are compatible with life

Toxicity and activity evaluation in the
same experimental approach: entire
organism




Process & output _
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In vivo Drug Discovery

In vitro biochemical assays * Simplicity
* Ease of
: manipulation
Bacterial/yeast assays » Cheapness
* Rapidity
Cell line assays
Invertebrate models
: - Lmi
- PR Zibiiisssasnnsansassss - ot -~ OfHTS
: 3 . | feasibility
* Complexity Mammalian animal models
* Cost

* Relevance

to humans Humans (clinical frials)

ACS Chemical Biology 3 (2007)




Culture  conditions
compatible with
large-scale screens.

75% of human genes

causing disease are
conserved in
Drosophila

No ethical issues.

Short time frame
from drug
dosing to results

Large, sophisticated
number of genetic

tools/fly stocks
available

Identification of new
drugs in WHOLE
organism

Low variability at
low costs
(Flies are CHEAP)

Fundamental aspects of

cell biology conserved
from Drosophila to
humans




Toxicity and activity
evaluation in the same
experimental approach:

entire organism

Short time frame from drug dosing to results
Large number of genetic tools available St
Low variability at low costs
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Examples of diseases modeled into the fly:
(reviewed in Pandey and Nichols, Pharmacol. Rev. (62) 2:A-Z, 2011)

Diseases Afecting CNS

e Alzheimer

e Parkingson

* Hungtington Disease

e Epilepsy

* Cognitive and affective disorders as depression

s Inflammatory diseases

e Asthma
¢ Inflammatory mechanism related with inflammatory bowel disease and
necrotizing enterocolitis

* Related pathways — Toll and toll-like receptos, nuclear factor kB, TNF and
JAK/STAT

==ad Metabolic diseases

* Obesity
e Diabetes
¢ Glycerol kinase deficency




How Valentia (VLT) flies can help

VLT can build custom “humanized” Drosophila

disease models and evaluate compound activity

*After VLT modeling (2-3 months), results in weeks

not months/years

 Study large numbers of functional pathways, risk

genes and human mutations

Provide fast, simple assays (phenotypic and

biochemical/molecular) for drugs response

*Test chemical libraries on a whole organism,
estimating drugs response in the same way that

human do
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Drug Discovery

Drosophila model

: Drug
generation and : S0
Dy screening validation
validation
4-6 months 1000 comp./week 1-6 months

« Target identification * Robustness of the assay - Additional Drosophila

* Readout selection statistically validated assays

* Model generation * Throughput:1000 * Validation studies in other

biological systems (mice,
human cells)

Model validation compounds/week




In vivo drug screening platform

1. FLY CROSSES 5. READING

o SR RV 3. SEEDING 4. HOMOGENIZATION (Envision Reader
PREPARATION (Sorter Cytometry) (Robot with stackers) /Scanner)

(Robot with stackers) 6. ANALYSIS
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A case study: Myotonic Distrophy type 1 (DM1)
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VLT Biopharma gets the Orphan Drug designation for
VLTO015

© 25th Feb, 2014 VLT Biopharma gets the Orphan Drug designation for
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VLTO15, a compound for the treatment of Myotonic
Dystrophy

Valencia, February 2014. Valentia Biopharma announced today that the
European Commission has granted Orphan Drug Designation to VLTO15
for the treatment of Myotonic Dystrophy type 1 (DM1) and type 2 (DM2)
after a positive opinion of the Committee for Orphan Medicinal Products

(COMP) from the Europsan Meadicinal Agsncy (EMA)

Myotonic Dystrophy is a rare inherited muscle disorder. ..




Myotonic Dystrophy type 1

*Overall worldwide prevalence: 1 / 8,000. Higher in some populations
like in Quebec (Canada). High penetrance.

Myotonic Dystrophy

*Multifactorial disease. Mainly a
muscular disorder: Myotonia,
progressive muscular wasting
and weakness.

But also cataracts, hypogonadism, arrythmias, infertility, cognitive
dysfunction, mental retardation...

Source:http://omim.org/entry/160900



Myotonic Dystrophy type 1 inheritance

Autosomal dominant
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U.S. National Librany of Medicine



http://upload.wikimedia.org/wikipedia/commons/e/e1/Autodominant.jpg
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Molecular cause

DM1 Phenotype

“Premutation” Asymptomatic

Size of CTG repeat
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Myotonic Dystrophy Mutation: An Unstable CTG
Repeat in the 3’ Untranslated Region of the Gene

MANI MAHADEVAN, CATHERINE TSILFIDIS, LUC SABOURIN,

GARY SHUTLER, CHRIS AMEMIYA, GERT JANSEN, CATHERINE NEVILLE,
MonNi1cA NARANG, JuANA BARCELG, Kim O’Hoy, SUZANNE LLERLOND,
JANE EARLE-MACDONALD, PIETER J. DE JONG, BE WIERINGA,

ROBERT G. KORNELUK*

Science, 1992 Vv




But is a non-coding DNA expansion...

— . DNA expansion
<€ > € > <€ >
5" UTR Codingregion 3’ UTR

Disease symptoms




But is a non-coding DNA expansion...

DNA expansion

5" UTR Coding region 3’ UTR

RNA gain of function
(toxic RNA formation)

v

Disease symptoms




Molecular pathogenesis

DMPK DM1 Locus (Chr 19q13.13)

Aberrant splicing
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Protein sequestration

From Mastroyiannopoulos et al. Biol Cell 2010



Molecular pathogenesis

Aberrant splicing
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features Resistance

abnormalities weakness
and wasting

Pathogenesis
_ Chloride ,
Aberrant  |nsulin Channe| Cardiac h?ﬁ 1 NMDAR1
splicing  Receptor CLCN1 Troponin T MT q Tau APP
Disease Insulin Myotonia ?cardiac  ?Muscle CNS effects

From Turner and Hilton-Jones (2010). J Neurol Neurosurg Psychiatry 81(4):356-67



DM1 is a very complex disease

Cis-effect

Gene transcription
deficiencies

Unbalances in AS
regulators

Transcripts with CAG
repeats (HD and SCA1)

DMPK RAR

i STAT

Sixs Missplicing

DMDW Spl

(nuclear)
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Gene
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protein
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Mbnl1 importance in DM1
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A DM1 fly model

(CTG),4, repeticiones

MHC-Gal4

T

Defectos
histologicos

630084

nT

YW  (CTG)eo (CTG)1sc YW

Defectos de
splicing

MbIC:GFP

Garcia-Lopez y Monferrer et al., 2008
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Human minigen-reporter construct
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Spliceosensor flies
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In vivo drug screening platform

1. FLY CROSSES 5. READING

o SR RV 3. SEEDING 4. HOMOGENIZATION (Envision Reader
PREPARATION (Sorter Cytometry) (Robot with stackers) /Scanner)

(Robot with stackers) 6. ANALYSIS
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Rastreo de compuestos _

[ > 15,000 small molecules \

screening analyisis
and validation

Modelo DM1

VLTO015

VLT001
VLT003
VLT004

\_

Secondary assays
validation

C

30-35 hits

1 lead (VLTO015) j

Research

. Hit
Screening

Development

Validation & . . .
Pre-clinic Clinic

Identification Optimization
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Mechanism of action
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Examples of diseases modeled into the fly:
(reviewed in Pandey and Nichols, Pharmacol. Rev. (62) 2:A-Z, 2011)

Diseases Afecting CNS

e Alzheimer

e Parkingson

* Hungtington Disease

e Epilepsy

* Cognitive and affective disorders as depression

s Inflammatory diseases

e Asthma
¢ Inflammatory mechanism related with inflammatory bowel disease and
necrotizing enterocolitis

* Related pathways — Toll and toll-like receptos, nuclear factor kB, TNF and
JAK/STAT

==ad Metabolic diseases

* Obesity
e Diabetes
¢ Glycerol kinase deficency

“Models mostly available for in vivo HTS approaches”
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