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> Gene identification
» Understanding of disease

mechanism
» Target identification

Screening and optimization

of candidates » Evaluates if new therapy
Cellular disease models is effective in'a larger
Animal models » Focused on monitoring cohort of patients
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IND
Application

Phase 2

Preclinical RA Phase 1 wa Phase 3
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> Company submits » Evaluates if new
Investigational New Drug therapy is effective
(IND)application to FDA in patients

> FDA evaluates quality of
data and determines if
therapy can be tested in
humans
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-Trac  trén cac CSDL: Gene Reviews, OMIM,
Neuromuscular Disease website
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3'UTR En In 5'UTR
CTG repeat CAG repeat GAA repeat CGG repeat
Myotonic dystrophy Huntington Disease, DRPL, Friedreich ataxia Fragile X syndrome
SCAS SCAI, SCA2, SCA3, SCA6 Seal2
SCA7, SCA17, SMBA
Synpolydactyly II
Cleidocranial dysplasia 3' UTR- 3' Untranslated region

HFGS, XLMR, OPMD
5' UTR- 5' untranslated region

En- Exon (n numbers of exon)

In- Intron (n number of intron)




3.1. Khao sat
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Protein dystrophin
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Duchenne’s Muscular Dystrophy

Only males affected,
but females may be
carriers

Sex-linked Mother —
recessive normal, Q g at erI
carrier norma

inheritance l

B <0 ¢H 0 oH
2 yrs old, 5 yrs old, 8 yrs old, 10 yrs old, 15 yrs old,
affected normal affected normal; affected

may or

may not

be carrier oy

“
& 15 years

(

Minimal or no symptoms
Weakness, especially of
. : pelvic girdle muscles;
Progression with age marked lordosis.
enlarged calves \
J

Severe crippling
deformities and contractures

Calf muscles usually
but not always
enlarged

Lordosis disappears
@ when child sits




Duchene muscular dystrophy DMD -

dystrophin
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Respiratory function should be
assessed annually after diagnosisand
every 6 months after loss of
ambulation. Respiratory support
includes the use of mechanically
assisted coughing and, at later stages
of disease, mechanical ventilation.

Cardiac function should be evaluated
annually after diagnosis. Angiotensin-
converting-enzyme inhibitors and
beta-blockers are used for treatment
of dilated cardiomyopathy in DMD.

Mutation-specific therapies approved
for DMD include ataluren (a small
molecule targeting nonsense
mutations) in Europe and antisense
oligonucleotide therapy for out-of-

frame mutations in the USA and Japan.

Glucocorticoid treatment can delay
loss of ambulation and respiratory
defects, the need for scoliosis
surgery and cardiomyopathy onset,
and should be prescribed to all
patients with DMD from childhood.

/'
\ @

Muscle contractures and scoliosis can
require physiotherapy and orthoses.
Surgery may be required in those with
severe scoliosis.

Gastrointestinal management of DMD
includes nutritional advice, osmotic
laxatives and percutaneous
endoscopic gastronomy tube use.
Management of urological symptoms
requires pharmacological therapy.




DMD - gene therapy
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Al tools and network analysis used to identify novel targets and pathways\"
https://doi.org/10.3389/fcvm.2022.851491
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3.2. Gene panels

Genome-wide analysis sequencing - GWAS
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GDAP1 c.667 _671dup (p.GIn224Hisfs*37)

TCTTGGATCAGGTTGAAACTGAATTGCAAAGAAGAAAT TCTTGGATCAGGTTGAAACTGAATTGCAAAGAAGAAAT

TATCAGATCAGAAT TAAAT TGCATTGCAAAGAAGAAAT

L AL ANl A

c.667_671dupTTGCA / WT
(p-GIn224Hisfs%37)

TATCAGATCAGAATTAAATTGCATTGCAAAGAAGAAAT

i AR A

c.667_671dupTTGCA / WT
(p-GIn224Hisfs%37)

c.667_671dupTTGCA\ c.667_671dupTTGCA c.667_671dupTTGCA

/ c.667_671dupTTGCA / ¢.667_671dupTTGCA / ¢.667_671dupTTGCA
CTGAATTGCA AAGAAGAAATGAAGA CTGAATTGCA AAGAAGAAATGAAGA CTGAATTGCA AAGAAGAAATGAAGA
CTGAATTGCATTGCAAAGAAGAAATGAAGA CTGAATTGCATTGCAAAGAAGAAATGAAGA CTGAATTGCATTGCAAAGAAGAAATGAAGA
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Di truyén phan tir CMT

CMT1 HMN b

e - h
DYNCIHI,
BICD2, REEP1, HQ HSN CMT2 SIGMARL, VRK]\

17p, LITAF, EGR2,
FBLNS, PMP22, PMP2

SLC5A7, FBXO38, SETX, ’é[g"ifgff'
_DCTN1,7q34, WARS, — T

NEFL, MYH14

| MPZ, GJB1,
\YARS, INF2, DRP2Z,
NEFH, KIF5A, \Xq27.1, DNM2,
ATP1A1, VCP \GNB4
TFG, DHTKD1, \,
TUBB3, NAGLU,\,
DCAF8,DGAT2,\
PDK3 \

Q [TRIMZ, |\ GDAP1,

MCM3AP,
SLC25A46,

CLTCL1, CCTs5,

PLEKHG5 FLVCR1, NGF

HSPB1, TRPV4,
GARS, BSCL2,
AARS, HARS,
\CHCHD10

HINT1,
DNAJB2,
IGHMBP2

CMTt hddt r uy Ko | CMTt hddt r uYy Kin

Pipis, M., Rossor, A. M., Laura, M., & Reilly, M. M. (2019). Next-generation sequencing in Charcoti Mariei Tooth disease:
opportunities and challenges. Nature Reviews Neurology.
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INSTITUTION

Pharnext
MedDay Pharmaceuticals

Myotherix

Inflectis

CKD Pharmaceuticals

Recursion Pharmaceuticals

Addex Therapuetics

Stealth BioTherapeutics

Mitochondria in Motion /
Washington University

Regenacy Pharmaceuticals

Sanofi-Genzyme

Augustine Therapeutics

Acurastem

Cellatoz Therapeutics

Sarepta /
Nationwide Children’s

lonis
Toolgen
Passage Bio
Neurogene

DTx Pharma

Shift Pharmaceuticals

NAME

PXT3003
MD1003
MP-188

IFB-088

CKD-510

Drug Screen

GABAB Activator

SBT-259

Mifofusin Activator

Ricolinostat (ACY-1215)

Drug Screen

HDACG6 Inhibitor

Drug Screen

CLZ-2002

SCAAVLIMCK-NTF3

Gene Knockdown
(antisense oligonucleotide)

Gene Editing

Gene Replacement (viral)

Gene Replacement (viral)
Gene Knockdown
(antisense oligonucleotide)

Gene Knockdown
(antisense oligonucleotide)
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2020-2022

55% (duplication)

1 PMP22 17 2.5% (point
mut.)
8.5 %CMT
2 MPZ
10-12% CMT1
3 EGR2 -
4 NEFL .
5 MEN2 21% CMTs " tir .
6 GDAP1 11.5%
7 GARS
0
8 MTMR2 < 1%
9 GJB1 10-15%
10 RAB7A < 1%
11 SIS 0.6-1.2% CMT1

LITAF




Dic diém lam sang
va dién co ky

Trung-Hieu Nguyen-Le, Minh Duc D o
CharcotiMarieiTo ot h

di

Total Denvrelinated Axonal CMWMT
(IN=31) ChIT (IN=16) (IN=15)
CHARACTERISTICS AND SYMPTOMS
Gender
Miale 19 10 Q
Female 12 6 G
Age of onset (vears)
0-=6 10 4 G
G-=16 13 4] 7
16 - = 40 il ] 0
40 - = ad 2 0 2
Motor difficulty 25 11 14
CLINICAT EXAMINATION
F.educed distal muscle strength
Upper limbs 24 12 12
Lower limbs 30 16 14
Distal atrophyy
Upper limbs 18 3 10
Lower limbs 26 14 12
Joint deformity
Four limbs o 4 5
Legs 25 0 15
Pes cavus 23 13 10
Sensory impairment
Upper limbs 19 B 11
Lower limbs 24 12 12
Areflexia
Upper limbs 25 12 13
Lower limbs 27 13 14
ELECTROAMYOGCRAPHY EXAMINATION
Miagnosis based on nerve conduction velocity
Demyvelinating 15 16 0
Axonal 12 0 12
Intermediate 3 0 3
WNCW asvmmetrical 12 ] T

et

seaseo

a | Gerfotgp@i ph2notype diaracteristics of Viethamese patients diagnosed with




Pac diém di truyén phan tir CMT

Genetic Phenot
aberrations AD:\WIFN2,/5DAP1, LRSAM1, KIF5A, MME,
KIF1B, MIARS, MORC2, NEFH, VCP, TFG,
— DHTKD1, TUBB3, NAGLU, DCAF8, DGAT2,
PMP22 RAB7A, TTR, ATP1A1
duplication CAM XL: PDK3, PRPS1, AIFM1
CMT AR: HSJ1/DNAJB2, PNKP, TRIM2, SPG11, MME,
C;:'-d'[ LMNA, MCM3AP, SLC25A46, SCO2, MED25,
- GAN, SACS, MPV17, LRSAM1, MFN2, C120rf65
PMIP22
c.281delG CM1 Axonal CMT
(p. G94Afs*17) CM
CMIT AD. NEFL, |/PZ, GJB1, YARS,
— = — - INF2 22202, DNM2, GNB4 AD: HSPB8, HSPB1, GARS,
MNEMN2 c 280C=T XL: GJBI, i MTX3 AARS, HARS, BSCL2, TRPV4,
(p. R94TW) CM AR: GunP1, COX6A1, KARS, CHCHD10
CN PLEKHGS, SORD AR: HINT1, IGHMBP2,
C;:'-.rI T PLEKHGS5, SORD
NEFL c. 640C=A 5 i Hereditary motor
(p P22T) CM emyelinating CMT neuropathy
ChI ;
CMT AD: [“MP22)/LITAF, EGR2, FBLNS, PMP2 AD: HSPB3, FBXO38, REEP1,
GIBE1 c.43C=T AR: SH51C2, EGR2, MTMR2, NDGR, SLC5A7, DCTN1, DYNC1H1,
- - BICD2, WARS, SETX, MYH14
o R15W CM1 SBF2, SBF1, CTDP1, SURF1, FGD4, g > 2
P ) . FIG4, HK1, PRX, CNTNAP1, NEFL XL: ATP7A
CM AR: SIGMAR1
ChI
Unidentifiable
CH1 _
CHWIT2 g
CMNT-1 3

Trung-Hieu Nguyen-Le, Minh Duc Do et al (2022).



PMP22 (c.281delG, p.94Afs*17)

Clinical diagnosis
Inheritance pattern
Sex

Current age (years)
Age at onset (years)
Motor impairment
Joint deformity
Deep tendon reflex
Sensory disturbance
Cranial nerve involvement
Gait disturbance
Spine

Motor nerve conduction
(median or ulnar)

C25
PMP22:

. 281dellr, pOYdAdel™]17

O

Our patient (C25)
CMT2*
Sporadic
Female

11

2

Moderate, distal
Yes

Absent

Reduced

No

No

Normal

Not measurable

e

Niedrist et al. (2009)
CMT1

Sporadic

Male

20

1

Severe, distal

Yes, pes cavus
Absent

Absent

No

Yes

Progressive scoliosis

Not measurable

*

X8t

Boerkoel et al. (2002)

Dejerine-Sottas syndrome

Sporadic
Female

27

4

Severe, distal
Yes, pes cavus
Absent
Absent

Yes

Yes

Thoracic scoliosis

4.4 m/s

Trung-Hieu Nguyen-Le, Minh Duc Do et al (2022).

lonasescu et al. (1997)
CMT1

N/A

Male

27

1

Severe, distal
N/A

Absent
Absent

Yes

Yes

N/A

15-25 m/s, respectively

nchh Xtno 8§ M 1E

30
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MFENZ:
c.280C=T, p. Arg94Trp

I O

C18
NEFL:
c.64C=A p.Pro22Thr

O
O

C31
PMP22 dup

C24
GJE1:
c43C=T, p Argl>Trp

©
- =

C25

PMP22:
c.281delG, p.G94Adel*17

O
1 e

/

Trung-Hieu Nguyen-Le, Minh Duc Do et al (2022).
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Peé xuat hwéng tiep can

khao sat di truyéen CMT

Rearrangement

detected
Diagnosis 4—(

Probe | Targeted genes

PO33 | PMP22

P143 | MFN2, MPZ

P406 | RAB7A, GARS

P405 | MPZ, GJB1

P353 | GDAP1, MTMR2, EGR2

Clincal symptoms and
Nerve conduction studies

MLPA — P033 ‘ .,77::.;:1::::7?.::::7;::::;;;::7?.;;.,:t,;fliiji;::;::;gi3::tf.;;r7::::,-_;-_.:;::v-
~
CMT4
CMT2 other .
CMT2A-MFN
>’CMT1A-PMP22
CMT1 other
-
CMTX1-GJB1

CMT1B-MPZ



Rearrangement
detected

Diagnosis 4—(

Probe | Targeted genes

PO33 | PMP22

P143 | MFN2, MPZ

P406 | RAB7A, GARS

P405 | MPZ, GJB1

P353 | GDAP1, MTMR2, EGR2

Clincal symptoms and
Nerve conduction studies

CMT1 | cMT2 |
l l Rearrangement
detected
MLPA-P033 | MLPA - P143, P406 ——————| Diagnosis |

Mo rearrangement detected

MLPA - P405, P353 |

No rearrangement detected Rearrangement detected

NGS | | Diagnosiﬂ - N2
PMP22 MPZ MFN2
MTMRZ2 GJB1 RAB7A
EGR2  GDAP1 GaRs
NEFL

Trung-Hieu Nguyen-Le, Minh Duc Do et al (2022).



Liéu phap gene

CMIA

Gene editin g Charcot-Marie-Tooth Association
g ene rep | acement TREATMENT DRIVEN & COMMUNITY POWERED

) Gene therapy delivery
VIRUS VECTOR VIRUS VECTOR
cAs S _:HAI WITH HEALTHY GENE

SEGMENT

HEALTHY GEME
INJECTED INTO CELLS

s

1111Tre1]

>

Contains all of the | Sejentists use the Cazd enzyme | Scientists insert a segment
information in the | to cut out a specific segment of DMA that corrects the
human genome. of DA, mutation {e.q. vision gene),

wll




Del Rey NL-G,, et al. Frontiers in Neuroanatomy (2018)
https://doi.org/10.3389/fhana.2018.001E3
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