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Growing Gap between Science and Therapies for Rare DiseasesGrowing Gap between Science and Therapies for Rare Diseases

Tambuyzer et al. Nat Rev Drug Discov 19, 2020
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Nat Rev Drug Disc 2016

Crucial Gap between Genetic Knowledge & TreatmentCrucial Gap between Genetic Knowledge & Treatment

Average annual drug cost for orphan drug
is 125,000 USD,

25 times more expensive than traditional drugs

Average annual drug cost for orphan drug
is 125,000 USD,

25 times more expensive than traditional drugs
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Davos, 22 Jan 2020

Rare diseases: We need new medicines to address the unmet needs           

The Secret Power of Lysosomes, the Cell’s Waste Bin

Glowing yellow dots mark where lysosomes (red) on beads in this preparation bind to the regulatory mTORC1 protein (green).
Roberto Zoncu, Sabatini Lab, Whitehead Institute
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Connecting and Recycling Transport System: Recover & Process Essential SubstancesConnecting and Recycling Transport System: Recover & Process Essential Substances

Receptors

Endosomes

Lysosomes: degradation & recycling

Proximal Tubule of Kidney: Essential for Homeostasis

P
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Receptor-mediated Endocytosis: Multiple LigandsReceptor-mediated Endocytosis: Multiple Ligands

Nykjear et al. Cell 1999
Christensen Nat Rev Mol Cell Biol 2002
Vilasi et al. Am J Physiol 2007

Uptake and activation of
25‐OH vitamin D3

Lysosome : Central Hub for Cell MetabolismLysosome : Central Hub for Cell Metabolism

Settembre C et al. Nat Rev Mol Cell Biol 2013

Degradation, secretion, recycling & signalling processes – nutrient sensing

• End-point of RM endocytosis

• Low pH < 5.0: V-ATPase and transporters

• 40 lysosomal enzymes

• High glycosylation - protection

Devuyst & Luciani, J Physiol 593, 2015
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Rare Endolysosomal Disorders Targeting Kidney Proximal TubuleRare Endolysosomal Disorders Targeting Kidney Proximal Tubule

van der Wijst et al. Physiol Rev 99, 2019

• Excessive urinary wasting of solutes: 

LMW proteins, amino acids, glucose, phosphate, urate, bicarbonate, … 

• Life‐threatening: dehydration, hypokalemia, metabolic acidosis, hypercalciuria

• Loss of vitamin carriers, altered drug metabolization

• Failure to thrive, rickets, developmental delay

Guido Fanconi

Die nicht diabetischen Glykosurien und Hyperglykämien des älteren Kindes. 

Jahrbuch für Kinderheilkunde und physische Erziehung, Wien, 1931, 133: 257‐300.

Die nicht diabetischen Glykosurien und Hyperglykämien des älteren Kindes. 

Jahrbuch für Kinderheilkunde und physische Erziehung, Wien, 1931, 133: 257‐300.

Renal Fanconi Syndrome: Dysfunction of Kidney Proximal Tubule
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Causes of Renal Fanconi SyndromeCauses of Renal Fanconi Syndrome

van der Wijst et al. Physiol Rev 99, 2019

Rare disorders: 
Receptors – Endosomes – Lysosomes
Mitochondria – trafficking defects

Endolysosomal Disorders: LMW Proteinuria and Proximal Tubule Dysfunction

De Matteis et al. Nat Rev Nephrol 13, 2017
Gahl WA et al. NEJM 347, 2002

Early endocytic defect - before kidney failure     Early endocytic defect - before kidney failure     
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Autosomal recessive mutations in CTNS:

 Functional loss of cystinosin

 Defective cystine efflux from lysosomes

 Intralysosomal cystine accumulation

 Formation of cystine crystals

Ctns -/-

 Multisystemic – kidney, brain, eyes, muscles, endocrine, ...

Cystinosis: AR mutations in cystinosin ‐ H+‐driven export of cystine Cystinosis: AR mutations in cystinosin ‐ H+‐driven export of cystine 

Cysteamine treatment: Help to export cystine 

out of lysosomes

Problems:

• Side-effects

• No effect on PT dysfunction

Cysteamine treatment: Help to export cystine 

out of lysosomes

Problems:

• Side-effects

• No effect on PT dysfunction
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Altered Lysosomal Dynamics in Cystinosis Cells

Raggi, Luciani et al. Hum Mol Genet 2014; Festa et al. Nat Commun 2018

CtnsKO

Clustering of perinuclear, enlarged lysosomes

Primary cultures (mPTCs)

Ctnsmice
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Defective Endolysosomal Proteolysis in Cystinosis Cells

Bodipy
PepA or

MagicRed

Fed or 
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CtnsWT

CtnsKO

mPTCs Kidney
PT 

segments

Confocal microscopy 
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CtnsWT

CtnsKO

Festa B et al. Nat Commun 2018; 9: 161

Biosensors of 
Cts activity

Accumulation of autophagosomes and cargo in cystinosis Cells
Festa B et al. Nat Commun 2018; 9: 161

Lysosome and Regulation of AutophagyLysosome and Regulation of Autophagy
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Mitochondrial Accumulation & Dysfunction in Cystinosis

Accumulation of damaged (disorganized cristae, loss of potential), ROS producing mitochondria Accumulation of damaged (disorganized cristae, loss of potential), ROS producing mitochondria 

HO1

β-actin

37

25

#1 #2 #3 #1 #2 #3 kDa

KOWT

Festa BP et al, Nat Commun 9: 161, 2018 

Festa et al. Nature Communications 9; 2018
Luciani et al. Autophagy 14; 2018

Loss of differentiation & 
transport properties
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MitoTEMPO: mitochondrially targeted antioxidant, scavenger of mitochondrial superoxide 

Combination of antioxidant piperidine nitroxide + lipophilic cation triphenylphosphonium

Ability to pass through lipid bilayers and accumulates in mitochondria

 Currently tested in various mitochondrial / kidney diseases

Durg Repurposing: Antioxidants Targeting Mitochondria as New 
Therapeutic Strategy in Cystinosis 

mito–TEMPO

Wang W et al, Science Translational Medicine, 2016
Forbes JM, Thorburn DR, Nat Rev Nephrol, 2018

MitoTEMPO

Mitochondriatargeted 
antioxidants

ROS

ROS

Festa et al. Nature Communications 9; 2018
Luciani et al. Autophagy 14; 2018

Targeting Mitochondrial Stress Improves Epithelial Dysfunction in Cystinosis Cells
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THE ORIGIN AND EVOLUTION OF MODEL ORGANISMS
Hedges, SB Nature Reviews Genetics 3, 838 -849 (2002)

Which Model Organism in Rare Diseases?Which Model Organism in Rare Diseases?

Time to develop

Genetic manipulation

Phenotyping Space, costs

EthicsHigh throughput

CRISPR/Cas9 Induced Generation of the Ctns-/- Rat ModelCRISPR/Cas9 Induced Generation of the Ctns-/- Rat Model
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Frameshift in exon 3 resulting in premature stop codon and a complete loss of the protein
Ctns deletion leads to cystine accumulation in multiple tissues
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Progressive Renal Fanconi Syndrome in Ctns-/- RatsProgressive Renal Fanconi Syndrome in Ctns-/- Rats
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Impaired Lysosomal Homeostasis in Ctns-/- Rat KidneysImpaired Lysosomal Homeostasis in Ctns-/- Rat Kidneys

Accumulation of enlarged lysosomal vesicles & crystal formation in Ctns-/- rat kidneys 

C
tn

s+
/+

C
tn

s-
/-

%
 o

f l
ys

o
so

m
a

l a
re

a
 

(r
e

la
tiv

e
 to

 P
T

 a
re

a
) 

20μm

C
tn

s+
/+

C
tn

s-
/-

20μm

20 weeks12 weeks

DAPI Lamp1

L
a

m
p

1+
st

ru
ct

ur
es

(F
lu

o
r.

 In
t/

 P
T

 a
re

a
, a

.u
.)

12 20Age 
(weeks)

Ctns+/+

Ctns-/-

Ctns+/+

Ctns-/-

Receptor mediated endocytosis

Cy5-β-lactoglobulin

Lysosome

Proximal tubule cell

90 min

Cy5-β-lactoglobulin

Degradation

C
tn

s+
/+

C
tn

s-
/-

DAPI AQP1 p62

G

G

0

2

4

6

8 #

C
y5

-β
-la

ct
o

gl
o

b
ul

in
(F

lu
o

r.
 In

t/
 P

T
 a

re
a

, a
.u

.)

90 min

C
tn

s+
/+

C
tn

s-
/-

DAPI AQP1 Cy5--lactoglobulin

G

Ctns+/+

Ctns-/-

G

Lysosomal Dysfunction in Ctns-/- Rat KidneysLysosomal Dysfunction in Ctns-/- Rat Kidneys

Lysosomal degradation
Autophagy

Defective lysosomal homeostasis & autophagy in Ctns-/- kidneys 
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• In vivo model – whole organism

• Transparent 

• Genome sequenced, easy to edit, multiple reporter lines

• Low cost for breeding: small size, high fertility

• Amenable to high-throughput screens

• No ethics concerns up to 7dpf

• Conservation of key transporters/receptors – patterning

• Possibility of deep phenotyping – kidney, CNS, eye, muscle

Advantages of Zebrafish as Model Organism

Zebrafish Larvae: Proximal Tubule Morphology

Heart

Eye

Liver

Pronephros

 5dpf of larvae

Nephron segment

*

*

G

PAS staining

Wingert et al.  Kidney Int 2016; 89: 1204‐10
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• Gentamicin nephrotoxicity

Proof‐of‐concept studies of LMW proteinuria
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Proof‐of‐concept studies of lysosomal storage diseases
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 Detection of LMW proteinuria in ctns knockout larvae and juvenile/adult fish
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ctnsKO zebrafish

CtnsKO mouse

CtnsKO rat

Libraries of 
smallmolecule 

drugs

Lead identification/
optimization

ctnsKO zebrafish

Phenotypic drug screening

Patientderived kidney cells

CtnsKO mouse PT cells

In vitro validation

CtnsKO rat model

In vivo validation

Preclinical candidate
nomination

Autophagosome

Animal models Patient cells

Cross−species
transcriptomics

Drug-disease pair 
prediction

Disease gene 
signatures

Systems biologybased drug repurposing

Endolysosome

Late 
endosome

Lysosome

CTNS

Cystine storage &
defective catabolism

PT dysfunction

Knowledgedriven approach

An Integrated Drug Discovery and Repurposing for Endolysosomal Diseases

Integrative Omics Provide Novel Disease Mechanism and Target Discovery

Cell lysis

Multiomics
integration

Proteomics

Metabolomics

CtnsWT

CtnsKO

Proteomics Metabolomics

Collaboration with Dr. Endre Laczko, Functional Genomics Zurich Center, UZH

Primary cultures (mPTCs)

Ctnsmice
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Thank you !


