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Amyotrophic Lateral Sclerosis (ALS)

%’

Age: 22 -75 y-old Gene Mutations
Late diagnosis, no biomarkers

Severe disabilities, High morbidity
No specific treatments, No cure
Fast progression (2-5 y) (respiratory failure)
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ALS Major Clinical Phenotypes

Inf MN

Muscle atrophy
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Refexes (hiper) Clonus Fasciculation



THERAPEUTICAL TRANSLATIONAL FAILURE ON ALS.
WHERE IS THE PROBLEM?

DUE DILIGENCE, OVERDUE

Results of rigorous animal tests by the Amyotrophic Lateral Sclerosis Therapy Development Institute (ALS TDI)
are less promising than those published. All these compounds have disappointed in human testing.
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It’s all becoming clear
now that I can
get it into focus

ALS Translational Neurology — What's the way?
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It's all bicomling clear ALS Translational Neurology — What's the way?
now that I can e —————————— - ———————————__

get it into focus
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ALS Translational Neurology

Translational Neurology Discipline and Unit at HC-FMUSP

Mechanisms related to neurodegeneration in
neurodegenerative disorders are unknown

ALS Patients * Start Point

Ambulatory Initial question
Research

FMUSP
Translational
Neurology
Animal x Human x ALS
Computational Laboratory
) Models (human, animal disease)
Tissue, cell, genes, molecules H

Systematic and interconnected ‘ Increasing the expectation the
studies discovery of therapeutic targets




ALS - Search for Molecular Signals

Motor Nerve from Human Sporadic ALS Form

v’ Transcriptome analysis — Schwann Cells and Differentiated Motor Neurons

extensor hallucis brevis nerve
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Human Schwann Cells from Motor Nerve

Transformed Motor Neurons
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Schwann Cell Enrichment

Laser Microdissection Cell Culture
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Transcriptome. Slide-based DNA microarrays

RNA
EXPRESSION

/_ Molecular * Pathway Analysis \
. . * Model Characterization
— Biological
* Classifiers/Predictive Models
— Downstream

* Drug-Analysis (Dose/Time/Class)

— Workflow overview data  * |ntegration Analysis
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Enriched Schwann cells from ALS Functional Motor Nerves

Growth Factors

Numb: Gene

FGFBP1
TGFBR3
EGFR
PGF
IGF2
EGFR
KGFLP1
10 IGFBP4
11 GDF15
12 FGF1
13 IGF2
14 FGF11
15 IGF1

16 GAS1
17 OGFRL1
18 FGFR2
19 HDGFRP3

ooNOTULThWN

22 TGFA
23 GAS8

24 PDGFA
25 NTRK3

26 FGF12
27 GREB1
28 GDF1

Description Fold Change

FGF7 g
PDGERA pIateIet -derived growth factor rec, a polypeptide

fibroblast growth factor binding protein 1
transforming growth factor, beta receptor i
epidermal growth factor receptor

placental growth factor

insulin-like growth factor 2

epidermal growth factor receptor

fibroblast growth factor 7 pseudogene
insulin-like growth factor binding protein 4
growth differentiation factor 15

fibroblast growth factor 1 (acidic)
insulin-like growth factor 2 (somatomedin A)
fibroblast growth factor 11

insulin-like growth factor 1 (somatomedin C)
growth arrest-specific 1

opioid growth factor receptor-like 1
fibroblast growth factor receptor 2

hepatoma- derlved growth factor, related protein 3

gul auring ske g
transforming growth factor, alpha
growth arrest-specific 8

platelet-derived growth factor alpha polypeptide
neurotrophic tyrosine kinase, receptor, type 3
fibroblast growth factor 12

growth regulation by estrogen in breast cancer 1
growth differentiation factor 1

14,77
-12,75
7,25
-6,84
-4,99
-4,53
-4,38
-4,37
-3,93
-3,80
-3,78
-3,46
-3,09
-3,06
2,81
-2,58
2,11
-1,73

DOWN

T |
"®Fold (down)

o1

3 4
Fold (up)



Peripheral Nerve — ALS Sporadic Patients

Signaling Pathways (KEGG)

Phenylalanine metabolism
Prion diseases
ECM-receptor interaction
PPAR signaling pathway
TGF-beta signaling pathway
MAPK signaling pathway

Cytokine-cytokine receptor interaction

g
Cell and focal adhesion molecules (CAMs)
P ——

0 5 10 15 20 25 30 35 40 45

Number of genes

Molecular Function

Venn Diagram

Number of genes

Genes

FIGF + | PDGFRB +

FLT1+ | PGF+

HGF + THBS1 -

KDR + VEGFC +

PDGFB +

ALS Brazil Project. FMUSP

istrocyte  ALS: INITIAL EVENTS

1 - Astrocyte and Microglia. Reactive
2 - Schwann cells repels axon
3 - Motor Neuron detached from the muscle

| ® ® Motor Neuron
> O 0&)
( Schw_a_n_r_l_lcell

icroglia Cell

CelliAdhesion \'_'
=
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Disrupted Focal Adhesion/Neurotrophic Factor Signaling impairs
Paracrine Trophic Actions of SC to Motor Neurons in ALS

Current Theory of ALS Brazil Project. FMUSP

Transcription factors for NTFs (SC)

, P Y — !
Cell Adhesion /,'x jl ||| Cell Adhesion

/x/
v v nn FIGF | Papiewska-Pajak et al 2010
* NTEr - i i i HGF | Lai et al 2000

FLT1 | Wangetal 2011; Hiratsuka et al 1998
axo n KDR | Avraham et al 2003




ALS Translational Neurolo

Generation of induced Pluripotent Stem Cells (iPS) from
mature cells of ALS Patients

a h

STEP 1: Establishment of Cell @ Methods for Delivery of Transcription Factors "\ Y
Culture :
Isolation of Culturing of B s i
— 8 Vector Systems Vel Voctors
source cells
\ Retroviral
| = Plasmid DNA
( Lentiviral - :
Recombinant Proteins
Inducible Lentiviral Synthetic MRNA

\L jﬁ

o)
Yamanaka’s Cocktail : "
(Oct4, Sox2, Kif4 and a =Y
¢-Myc) STEP 3: Characterization and Expansion of iPSC

Characterization
—t——  and expansion of

iPSCs formed

\ Feeder cells iPSC ) \




ALS - Search for Molecular Signals
Biopsy Motor Nerve from ALS Sporadic Patients

v" Microarray Analysis — Schwann Cells and Differentiated Motor Neurons

Extensor hallucis brevis nerve Morphology
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ALS - Search for Molecular Signals

ALS Sporadic Form
v Motor Neuron Differentiation from Fibroblasts (Motor Nerve)

-CytoTune iPS Reprogramming Kit containing Sendai virus
vectors (Life Tech; A1378001)

Control Patients -hSTEMCCA-loxP lentivirus

(Oct4, Sox2, c-Myc, Kif4)

Nervus Accessorius /f'. —

ALS Patients IPSC
Sporadic Form g F‘
& frontiers oniainaLresearcHll (- Glial cells
in Cellular Neuroscience o To.assainceizo15 00260 -

Gene expression profiling for human
iPS-derived motor neurons from
sporadic ALS patients reveals a
strong association between
mitochondrial functions and
neurodegeneration

N extensor hallucis brevis b ey




ALS - Search for Molecular Signals

Nervus extensor hallucis brevis

Sequencing

SPORADIC ALS M‘JW J\ul ﬂ»\/\/\/\[\/ i
NO MUTATIONS FOUND ;
.

Transformed Motor Neurons
Sporadic ALS Patient

Differentiation STEMCCA

&= |PSC (==

Hu and Zhang S Y
(2009) Ya aka

First time in Brazil Fibroblast



Sporadic ALS Patients

ALS patients

Control patients

Patient

Age

Gender

Biopsy date

Date of onset

Site of onset
Duration' (months)
ALS-FR scale in 2012
ALS-FR scale in 2014

Strength in the unilateral big toe

Electroneuromyography

Medicines

Additional informations

Sporadic ALS
60

Male

August 2013
March 2011
RLL

29

34/40

30/40

3/5

chronic disease with
anterior tip cervico-
thoraco-lumbar

Riluzole

Sporadic ALS non-ALS non-ALS

68 43 57

Male Female Male

August 2013 August 2013 August 2013

June 2011
LUL

26

34/40

140

3/5

chronic disease with
anterior tip cervico-thoraco-
lumbar and bulbar nucleus
Riluzole, B vitamins and
venlafaxin

Depressive symptoms

ALS Research Ambulatory Unit.
Hospital de Clinicas. HCFMUSP



Generation and Characterization of
SENDAI Transduced Pluripotent Stem Cell (hiPSC)

105 fibroblasts transduced with CytoTune iPS Reprogramming Kit containing Sendai
virus vectors (Life Technologies; Cat. # A1378001). Macarthur et al. (2012)

-individual delivery of 4 Yamanaka reprogramming factors, OCT4, SOX2, KLF4, CMYC

markers

SSEA4 Alkaline Phosphatase (AP)
surface embryonic stem cell pluripotency



Generation and Characterization of
STEMCCA Transduced Pluripotent Stem Cell (hiPSC)

Human fibroblast (ALS patients, sporadic) reprogramming using hSTEMCCA-loxP lentivirus
based on Somers et al., 2010

TRA1-81
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STEMCCA Cre-Excisable Constitutive Polycistronic Lentivirus expressing the embrionary
genes OCT4, SOX2, KLF4, and CMYC



__Pluripotency Markers of Generated hiPSC__
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Spontaneous Differentiation of hiPS in 3 Germ Layers
in vitro and in vivo

Immunocytochemical - in vitro hiPS derived from fibroblasts
Myosin LC 2 | ©

Mesoderm layer Endoderm layer

Ectoderm layer

Hematoxylin and eosin staining of sections from a teratoma
formed after a subcutaneous injection of hiPSC into nude rats
S SN o) L (i ke




hiPSC-differentiated Motor Neurons

-After reaching confluence, hiPS colonies were cultured in suspension in the
presence of embryoid body medium

- The medium was replaced on day 4 by a neural differentiation medium containing
DMEM/F12, N2-supplement, NEAA, antibiotic-antimycotic and heparin to induce the
formation of the neural progenitor cells

-Clusters attached to laminin-coated dishes after 1 week in suspension. Primitive
neuroepithelial cells were posteriorized by addition of retinoic acid at day 10 and
ventralizated by the addition of sonic hedgehog (Shh) and B27 supplement at day 14



Characterization of hiPS-Derived Motor Neurons

Hb9::GFP

X PAX6 OLIG2 CHAT GAPDH

MAP2 negative control

Differentiated Motor Neurons

ChAT negalive control

Neural Progenitor Cells

L Gene expression in
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Quality Control

Control exper for MN markers

Non-transduced

BOBD

| |

PAX6 ouG? CHAT HBY 3 5 2 3 @ & % 8 © &N

Vital state of motor neurons
Vital state Pre-death state

FJC/DAPI FJC/DAPI

Human transf MN SOD1 mouse MN
Primary Culture




hiPS Differentiated Cardiomyocyte

Video
Cardiomyocyte
Differentiation






Transcriptome. Slide-based DNA microarrays

Transformed Motor Neuron - ALS Patient il
Microarray Gene Profiling
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First time in Brazil \ /

Scanner and Image analysis

DATA ANALYSIS Feature Extraction Software
Bioinformatics
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Transcriptome. Bioinformatic Analysis

Statistical Analysis

version 11.9
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Transcriptome. Bioinformatic Analysis

Statistical Analysis

v/ Genes with p < 0.05 were
accepted as  differentially
expressed genes.

v 1591 deregulated genes
in MN SALS X MN CTR

v'526 up-regulated

v'1065 down-regulated

Functional Enrichment Analysis

KEGG

* Kyoto Encyclopedia of Genes and Genomes

Gene Ontology (GO) terms
* Biological Process
* Molecular Functions

* Cellular components




KEGG - Kyoto Encyclopedia of Genes and Genomes

Term Genes
hsa05012 Parkinson's disease 20
hsa00190 Oxidative phosphorylation 18

Highly Involvement of

Mitochondrial related genes

Gene Ontology (GO) terms

* Biological Process
* Molecular Functions

* Cellular components




Molecular Signals

Cellular Component
four GO term related with mitochondrion
v mitochondrion (105 genes)
v mitochondrion part (65 genes)
v mitochondrion matrix (30 genes)
v mitochondrion lumen (30 genes)

Mitochondrion gene expression in hiPS-derived MN

Down regulated genes

Non ALS patients ALS patients
0.0
3
% 0.5+
E
o
£
-g -1.04
(=] [
@ Al |
= sl |
-1.54 I e 1
gPCR verification of dereg genes related to
mitochodrion signaling and dvsfunction
10- Up regulated genes 20-
3 non-ALS
84 W ALS

Relative Fold-change
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123
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Relative Fold-change
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Gene Ontology terms grouped by REVIGO
Reduce + Visualize Gene Ontology

Molecular Function




Network Analysis

@ STRI N G Functional protein association networks
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Network Analysis

Pathway

ACAT1 ATPSC1 YWHAZ ‘

N

PSMC4

HSPDO1 PPP2R1A NDUEC?
1SPO TOMM40 ‘ ‘
I COX6A1 cox7c

BZRAP1  |pip
NAPG
cYes

VDACA1 .

HTRA2

DIAELO

Physical interactions

Top 20 Degree

Top 20 Betweenness

Gene Degree Gene Betweenness
ATP5B 7.0 ATP5B 82.0
NDUFC2 7.0 YWHAZ 75.0
NDUFA4 7.0 HSPD1 54.0
NDUFB5 7.0 PPP2R1A 25.0
NDUFA2 7.0 ATPAF1 22.0
NDUFA12 7.0 PSMC4 22.0
NDUFB6 7.0 CYCS 16.0
NDUFV3 7.0 PTPN11 14.0
MT-ND2 7.0 SOD1 6.0
CYCS 6.0 NDUFC2 0.0
ATP5D 4.0 NDUFA4 0.0
ATP5C1 4.0 NDUFB5 0.0
YWHAZ 3.0 NDUFA2 0.0
HSPD1 3.0 NDUFA12 0.0
PPP2R1A 3.0 NDUFB6 0.0
SOD1 3.0 NDUFV3 0.0
ATP5E 3.0 MT-ND2 0.0
ATPAF1 2.0 ATP5D 0.0
PSMC4 2.0 ATP5C1 0.0
PTPN11 2.0 ATPSE 0.0




Network Analysis

Co-expression

p Top 20 Degreee Top 20 Betweenness
Gene Degree Gene Betweenness
® ATP5B 43.0 STOML2 742.57
o STOML2 42.0 IARS2 626.61
® ® NDUFB5 42.0 DNAJA3 616.75
NDUFA12 38.0 ATPSB 600.89
IARS2 37.0 NDUFB5 548.26
4 ® . DNAJA3 36.0 VPS25 427.44
b 4 X SoD1 34.0 MCF2L 386.00
~ @® .‘ NDUFAF3 32.0 NDUFAF3 304.15
Y o 0 ’ PSMC4 31.0 PSMC4 301.72
A ) COX7C 30.0 NDUFA12 291.77
® & C1QBP 30.0 MRPL23 280.68
® > @ SDHC 29.0 C1QBP 257.33
- ‘® @ & ATP5C1 29.0 MRPL17 253.24
e ® MRPL23 29.0 MRPL9 237.65
. NDUFA4 29.0 GFM1 226.95
. & NDUFB6 27.0 SDHC 188.58
” VDAC1 27.0 NDUFB6 183.65
S o ® PDHX 26.0 GRPEL1 183.33
® COX6A1 25.0 PDHX 173.26
® GFM1 25.0 MRPL46 171.12
®



Translational Neurology based on Personalized Medicine
Autologous in vitro screening for therapeutic targets

Molecular Analyses — transformed Motor Neurons

- Molecular modeling,
- Gene expression networks, \ /
- Protein Interactomes, etc

Selected Molecules

- Algorithm to reinforce individual
patient data in a defined context \

Molecular Analyses - Schwann Cells

‘ Therapeutic tests

DEATH (TUNEL, green)
Transf MN from AL (spor) fibroblasts 1

Clinical
Trial

Fcr (-) Factor (+)




*;' Phase 1/2 CLINICAL TRIAL WITH MESENCHYMAL STEM CELL TO

v BRAZILIAN ALS PATIENTS

?m -sponsored by Ministry of Health

T
e -FMUSP, UNIFESP, PUC-PR
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~ USP Medical School - Clinics Hospital /Institutes




[1zelg JO sapneg ep OLIJ}SIUIN |eL1] [e21U1]2 STV 104 DSIAl JO UOIBIBUSD

W44 ‘bdNO ‘dSEdV:l 4d DNd — wea} pue uewjoig ojned
BJIDAI|Q 9P 1UBININS O}V UBLIIA
SDSdIY Jo uonelsauab ayy buunp l|930UeZ Jewpy
32IApE 9|gen|eA pue HS3y bulpinoid ellalad euel|nf
1o} (dSN-g| edeiad ebiap ep elbAq °joid opap eleleN
SOPUSIA epuewY
sjusawbpajmouyoe |eidadg #ouod Yol

IJuowe| snIdJUIA
0[2g3y S N e|alqgen

ljjoueq |sejey 1d ol19 2413\ 2A0r
Sulle|\ S 011aqoy jolid BAlRd UOSUIIDM
ssnells 3 uelg "joid SOJUBS SOp eiNWE)eN eyluewes
labauy 3 gsor "joid OUIWIXBA] OAINY BIISSIf

eJie) [aejey
93J0r JepieH ap |A 02143pa.4
0Jeda||e) oyaqosdeq

Ipeyd uos4an

siojeloqe||o)

dSNIAI4 ‘ASojoana Jo Juswiiedaq

J91ua) uoneJauaSGJomaN
1q-woo’jiseiqe|aolafoid-mmm

joalolid |izeug SV



