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e New approaches to screening and diagnosis

e CDG syndromes
e Mitochondrial diseases

e New therapies
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New approaches to screening and diagnosis

Reproductive genetic carrier screening for families with IEM. Edwin Kirk

Mackenzie’s Mission : https://www.mackenziesmission.org.au/

1. screening up to 10,000 couples across Australia for ~ 750 severe, childhood-onset genetic conditions

2. allowing prospective parents to gain information about their likelihood of having a child with any of
these genetic conditions.

3. program set up following the death of a girl with SMA and her parents asked why they didn't know
they were carriers
4. Couple screening - program : both members of a couple are screened and received this result

1. High “chance” : both are carriers of the same autosomal recessive condition or the woman is a
carrier of a X-linked condition

2. Low “chance” : there are not found to be carriers of the same autosomal recessive condition or
the woman is not a carrier of a X-linked condition

ez Huni | 4
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New approaches to screening and diagnosis

Reproductive genetic carrier screening for families with IEM. Edwin Kirk

2500 genes linked to AR or X-linked conditions
Criteria for gene selection

* The condition is one for which an “average” couple would take steps to avoid the birth of a child
with that condition +/- where early diagnosis improves prognosis

e Strong evidence for gene-phenotype relationship

* No technical barriers

European Journal of Human Genetics (2021) 29:79-87 ESHG
https://doi.org/10.1038/541431-020-0685-x
- 1300 genes selected ARTICLE ®

Gene selection for the Australian Reproductive Genetic Carrier
Screening Project (“Mackenzie’s Mission”)
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New approaches to screening and diagnosis

Reproductive genetic carrier screening for families with IEM. Edwin Kirk

1. First results : 4904 couples : 2 % high chance (1/50 couple)

2. Reporting IEM challenges IEM couples reported
1. Variant classification « DHCRY (Smith-Lemli-Opitz) — 3 couples
2. Pseudodeficiencies + PMM2 (CDG 1a) — 2 couples

* GBA (Gaucher)

* IDUA (MPS 1)

* ALDOB (Hereditary fructose intolerance)
» EFTA (Glutaric acidaemia IIA)

» GAA (Glycogen storage disease )
GALC (Krabbe)

HEXA (Tay-Sachs)

GYS2 (Glycogen synthase deficiency)
MANBA (beta-mannosidosis)

OTC (ornithine transcarbamylase deficiency)
TAZ (Barth syndrome)

VARS?2 (respiratory chain disorder)

3. Conditions with unpredictable age of onset/severity

= Huni | 6
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New approaches to screening and diagnosis
Diagnosis and discovery : NIH Undiagnosed Diseases Program : William A. Gahl

UDP: https://www.genome.gov/Current-NHGRI-Clinical-Studies/Undiagnosed-Diseases-Program-UDN

1. 2008
2. To assist patients with unknown disorders reach an accurate diagnosis

3. Todiscover new diseases that provide inside into human physiology and genetics

e Submission of medical records

* 1 week inpatient admission
1. Personalized patient phenotyping to rule out known disease
2. Genetic studies : commercial testing, SNP arrays, exome./.genome sequencing
3. Functional studies

s Huni | 7
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New approaches to screening and diagnosis

Diagnosis and discovery : NIH Undiagnosed Diseases Program : William A. Gahl

1. >4000 medical records = 1500 admitted and evaluated
2. 40 % children

3. 50 % neurological problems

Adults patients from 3 families
Intermittent claudication of the calves, thighs, and buttocks
Chronic ischemic pain in the feet at rest

Joint pain in the hands

biallelic nonsense, missense, and single-nucleotide insertion—frameshift mutations in the ecto-5'-
nucleotidase gene NT5E, encoding the CD73 enzyme, which generates extracellular adenosine

smsee Huni | 8
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Surface of vascular cells

o= 68

‘ The NEW ENGLAND JOURNAL of MEDICINE
@genosine |
“ ORIGINAL ARTICLE ”
\
53 NTSE Mutations and Arterial Calcifications
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L} Cynthia St. Hilaire, Ph.D., Shira G. Ziegler, B.A., Thomas C. Markello, M.D., Ph.D.
PPi _p EI 1 Alfredo Brusco, Ph.D., Catherine Groden, M.S., Fred Gill, M.D.,
: Hannah Carlson-Donohoe, B.A., Robert J. Lederman, M.D.,
- . 4 Marcus Y. Chen, M.D., Dan Yang, M.D., Ph.D., Michael P. Siegenthaler, M.D.,
-FN!' Pt ' Carlo Arduino, M.D., Cecilia Mancini, M.Sc., Bernard Freudenthal, M.D.
: AP T J Horia C. Stanescu, M.D., Anselm A. Zdebik, M.D., Ph.D.,
1 ’ R. Krishna Chaganti, M.D., Robert L. Nussbaum, M.D., Robert Kleta, M.D., Ph.D
' o ot William A. Gahl, M.D., Ph.D., and Manfred Boehm, M.D.
L] ~.. - -
L]
R — N Engl ) Med 2011;364:432-42.
= B Copyright © 2011 Massachusetts Medical Society
T Calcification

* Ppi: pyrophosphate
* Pi:inorganic phosphate
* TNPA : tissue-nonspecific alkaline phosphatase
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New approaches to screening and diagnosis

Diagnosis and discovery : NIH Undiagnosed Diseases Program : William A. Gahl

"{“j‘)iw UDNI

Undiagnosed

N " Diseases Network
\_ ¥  INTERNATIONAL

Several new conditions

https://www.udninternational.org/

ssae Huni | 10
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New approaches to screening and diagnosis

Novel disorders discovered by whole genome sequencing : Shigeo Kure.
3 new IEM
1. Galactosemia type 4 or deficiency of galactose mutarotase (or aldose 1-epimerase) (GALM, EC 5.1.3.3)
1. 8 patients with high level of galactose without explanation
2. 2 patients with cataracts Lactose AT
3. Mutations identified in GALM gene
s Federico Leloir
4. First step of the Leloir pathway Glucose + B-Galactose mmm) a-Galactose H Gisoe-to87)
.o . . GALK
5.  GALM activity and protein | in red blood cells (galactokinase)
UDP-Glucose Galactose-1-P
GALT
GALE )
+ Gal-1-P uridylyl
(UDP-glucose 4-epimerase) ( -:ransfel::sg)y
Type III | = - Type I
UDP-Galactose Glticose—1-P YP
}
Glucose-6-P
Glu;:ose
s Huni | 11
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Biallelic GALM pathogenic variants cause a novel type of § 2 &
galactosemia E 2 *
Yoichi Wada, MD', Atsuo Kikuchi, MD, PhD', Natsuko Arai-Ichinoi, MD, PhD', g 1 &
Osamu Sakamoto, MD, PhD', Yusuke Takezawa, MD’, Shinya Iwasawa, MD', §
Tetsuya Niihori, MD, PhD?, leomlNyulukl MD?, Yoko Nakajima, MD, PhD*, Erika Ogawa, MD, PhD®, 3
Mika Ishige, MD, PhD Hiroki Hirai, MD, PhDE Hldeo Sasai, MD, Phu7 Ryoji Fujiki, MS
Matsuyuki Shirota, MD, PhD®, Ryo Funayama, PhD'®, Masayuki Yamamoto, MD, PhD'"
Tetsuya Ito, MD, PhD®, Osamu Ohara, PhD®, Keiko Nakayama, MD, PhD'®, Yoko Aoki, MD, PhD?, M H H 3 = 4
Seizo Koshiba, PhD'", Toshiyuki Fukao, MD, PhD’ and Shigeo Kure, MD, PhD"" Elapsed time (hours) S

FIGURE 1 Observed values of bloed galactosc in lactose
Ioading tests in patients with GALM deficiency (N — 3). (A) Mean

Lactose loading Lactose plus p-galactosidase loading
T in GALM deficiency ™" - in GALM deficiency “
14 Lactose Y

Koot 14 June 2021 | Rovisd: 27 Soptmber 2021_| Accspots 4 October 2021

DOL: 10.1002/jimd 12444

,——
IMD  \ f-galactosidase treatment
ORIGINAL ARTICLE WILEY i

f-D-galactose o= u-D-galactose

Equillbrium in water

Lactose p-D-galactose

j-galactosidase

p-Galactosidase therapy can mitigate blood galactose
elevation after an oral lactose load in galactose mutarotase
deficiency

Yoichi Wada'® | Natsuko Arai-Ichinoi' | Atsuo Kikuchi® | Shigeo Kure'?

Galactose-1-phosphate

UDP-Glucose
GALE[( GALT
2

UDP-Galactose
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New approaches to screening and diagnosis

Novel disorders discovered by whole genome sequencing : Shigeo Kure.

3 new IEM
1. Galactosemia type 4 or deficiency of galactose mutarotase
2.

Deficiency of lanosterol synthase : alopecia with intellectual disability

Bi-allelic Mutations in LSS,

Encoding Lanosterol Synthase, Cause

Autosomal-Recessive Hypotrichosis Simplex

Maria-Teresa Romano,' Avlar Tafazzoli,' Maximilian Mattern,' Sugirthan Sivalingam,' Sabrina Wolf,'

The American Journal of Human Genetics 103, 777-785, November 1, 2018

Metabolic and pathologic profiles of human
LSS deficiency recapitulated in mice

Yoichi Wada®', Atsuo Kikuchic'*, Akimune Kaga?, Naoki Shimizu®, Junya lto®,
Ryo Onuma®, Fumiyoshi Fujishima®, Eriko Totsune', Ryo Sato’, Tetsuya Niihori®,
PLoS Genet 16(2): e1008628. https://doi.org/10.1371/journal.pgen.1008628

Biallelic pathogenic variants in the lanosterol synthase gene
LSS involved in the cholesterol biosynthesis cause
alopecia with intellectual disability, a rare recessive
neuroectodermal syndrome
Thomas Besnard. PhD"% Natacha Sloboda. PhD?. Alice Goldenbera. MD*.
Genetics in Medicine (2019) 21:2025-2035; https://doi.org/10. 1038/541436 019-0443-x
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New approaches to screening and diagnosis

Novel disorders discovered by whole genome sequencing : Shigeo Kure.

3 new IEM

Galactosemia type 4 or deficiency of galactose mutarotase

Deficiency of lanosterol synthase : alopecia with intellectual disability

a de novo mutation of the ATP11A gene : patient with severe developmental delay and progressive

neurological decline

Wild type
ATP11A flippase

[@]
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S gﬂ %8 A sublethal ATP11A mutation associated with neurological

L 4

plasma membranes

Katsumori Segawa, ... , Shigeo Kure, Shigekazu Nagata

J Clin Invest. 2021;131(18):e148005. https://doi.org/10.1172/JC1148005.
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New approaches to screening and diagnosis

Ultra-rapid genomic sequencing in the newborn. David Dimmock

Lancet Respir Med. 2015 May : 3(5): 377-387. doi:10.1016/52213-2600(15)00139-3.

c
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Whole-genome sequencing for identification of Mendelian ived :
disorders in critically ill infants: a retrospective analysis of [ Stan‘éar‘?teStS [ sbEseaiediiits
diagnostic and clinical findings

2 (6%) Genetlc

Laurel K Willig, MD, Josh E Petrikin, MD, Laurie D Smi

iith, MD, Carol J Saunders, PhD, [

disease d|agnosts

Isabelle Thiffault, PhD, Neil A Miller, BA, Sarah E Soden, MD, Julie A Cakici, BSN, Suzanne
M Herd, CCRC, Greyson Twist, MS, Aaron Noll, MS, Mitchell Creed, MA, Patria M Alba, MD,
Shannon L Carpenter, MD, Mark A Clements, MD, Ryan T Fischer, MD, J Allyson Hays, MD,

Howard Kilbride, MD [Prof], Ryan J McDonough, DO, Jamie L Rosterman, DO, Sarah L

0 (0%) Change in
management

] (20 (57‘7 Genetic ]
disease |agnoses

] [11 (31%) Changes in
management

Tsai, MD, Lee Zellmer, MS, Emily G Farrow, PhD, and Stephen F Kingsmore, MB [Prof]
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change in outcome

New approaches to sc

ARTICLE

reening and diagnosis

Ultra-rapid genomic sequencing in the newborn. David Dimmock

UCLouvain

An RCT of Rapid Genomic Sequencing among Seriously
Il Infants Results in High Clinical Utility,
Changes in Management, and Low Perceived Harm

David P. Dimmock,'?
Michele Feddock,'-*

Christina Clarke,'*

* Michelle M. Clark,'?

Mary Gaughran,'?

Julie A. Cakici, !>+

Sara A. Caylor,!2

Shimul Chowdhury,'-*

Lisa Salz, '

Lynne M. Bird,**

Charlotte Hobbs,

I»* Kristen Wigby,'*

Lauge Farnaes,'+’

Cynthia Cheung,**
Cinnamon S. Bloss,**

Stephen F Kingsmore,'

2 and the RCIGM Investigators

The American Journal of Human Genetics 107, 942-952, November 5, 2020

ARTICLE

A Prospective Study of Parental Perceptions
of Rapid Whole-Genome and -Exome Sequencing
among Seriously Ill Infants

Julie A. Cakici,"%* David P. Dimmock,” Sara A. Caylor,” Mary Gaughran,® Christina Clarke,>
Cynthia Triplett,* Michelle M. Clark,? Stephen E Kingsmore,” and Cinnamon S. Bloss!5*

The American Journal of Human Genetics 107, 953-962, November 5, 2020 i
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e New approaches to screening and diagnosis

CDG syndromes
Mitochondrial diseases

New therapies
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CDG syndromes

Novel approaches in treatment of CDG: Bringing therapies from bench to bedside
Eva Morava

Transplantation
* Liver transplantation : MPI-CDG, ATP6AP1-CDG & CCDC166-CDG
* Heart transplantation : DK1-CDG

* Hematopoietic stem cell transplantation : PGM3-CDG  Genetics ‘
inMedicine | REVIEW ARTICLE © Aman o e of MdilGants s Garamks

Sugar therapies . . -
. Therapeutic approaches in Congenital Disorders
* Fucose in SLC35C1-CDG of Glycosylation (CDG) involving N-linked glycosylation:

* Mannose in MPI-CDG Jan Verheijen, PhD® ", sh anT :pdr\an:elT Kozicz, MD, Ph',
e Galactose in PGM1-CDG Petjerwmers MD, PhD® ? and Eva Morava, MD, PhOO
* Galactose in TEME165-CDG, SLC35A2-CDG, SLC39A8-CDG
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CDG syndromes

Eva Morava

Transplantation

* Liver transplantation : MPI-CDG, ATP6AP1-CDG & CCDC166-CDG
* Heart transplantation : DK1-CDG

* Hematopoietic stem cell transplantation : PGM3-CDG

PMM2-CDG with Therapeutic Implications

Sugar therapies

* Fucose in SLC35C1-CDG

* Mannose in MPI-CDG

* Galactose in PGM1-CDG

* Galactose in TEME165-CDG, SLC35A2-CDG, SLC39A8-CDG

Aldose reductase inhibitor Epalrestat : * PMM2 activiy in worms and

patient fibroblasts

Novel approaches in treatment of CDG: Bringing therapies from bench to bedside
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Sorbitol Is a Severity Biomarker for

Anna N. Ligezka, MSc,'?" Silvia Radenkovic, PhD,"*** Mayank Saraswat, PhD,%7%!
Kishore Garapati, MBBS,%”%7 Wasantha Ranatunga, PhD," Wirginia Krzysciak, PhD,?
Hitoshi Yanaihara, MD, PhD,"® Graeme Preston, PhD," William Brucker, MD, PhD,"!
Renee M. McGovern, BA,? Joel M. Reid, PhD,'? David Cassiman, MD, PhD,*'*
Karthik Muthusamy, MD ®," Christin Johnsen, MD,"

Saadet Mercimek-Andrews, MD, PhD,"® Austin Larson, MD,® Christina Lam, MD, 718
Andrew C. Edmondson, MD, PhD,'? Bart Ghesquiére, PhD,** Peter Witters, MD,'*2°
Kimiyo Raymond, MD,® Devin Oglesbee, MD,® Akhilesh Pandey, MD, PhD,¢
Ethan O. Perlstein, PhD 72" Tamas Kozicz, MD, PhD," and
Eva Morava, MD, PhD © £2'413

ANN NEUROL 2021;90:887-900
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CDG syndromes

Professor Eva MORAVA

Transplantation

* Liver transplantation : MPI-CDG, ATP6AP1-CDG & CCDC166-CDG
* Heart transplantation : DK1-CDG

* Hematopoietic stem cell transplantation : PGM3-CDG

Sugar therapies

* Fucose in SLC35C1-CDG

* Mannose in MPI-CDG

* Galactose in PGM1-CDG

* Galactose in TEME165-CDG, SLC35A2-CDG, SLC39A8-CDG

Aldose reductase inhibitor Epalrestat : * PMM2 activiy in worms and

patient fibroblasts

Acetozolamide in PMM2-CDG patients

Novel approaches in treatment of CDG: Bringing therapies from bench to bedside

W Cliniques universitaires
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AZATAX: Acetazolamide Safety and Efficacy
in Cerebellar Syndrome in PMM2 Congenital
Disorder of Glycosylation (PMM2-CDG)

onseny, MD,'! Merce Bolasell, MBsc,"! Laura Callejon-Péo, PsyM,?
6 PsyM,” Dé

g rral, MD,’ Raguel Montero, PhD,*?
Celia Pérez-Cerds, PhD,'® Belén Pérez, PhD,'° Rafael Artuch, MD, PhD,*”
Jaak Jaeken, MD, PhD,"" and Mercedes Serrano, MD, PhD,'*?
and the CDG Spanish Consortium

ANN NEUROL 2019;85:740-751
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CDG syndromes

racer metabolomics, from molecular insights to improved therapy.
Bart Ghesquiere

Tracer Metabolomics Glucose The Metabolic Map into the Pathomechanism
L and Treatment of PGM1-CDG

Silvia Radenkovic,:>*! Matthew J. Bird,"**%1 Tim L. Emmerzaal,> Sunnie Y. Wong,"

Catarina Felgueira,” Kyle M. Stiers,” Leila Sabbagh,® Nastassja Himmelreich,* Gernot Poschet,®

Petra Windmolders,” Jan Verheijen,' Peter Witters,'! Ruqaiah Altassan,'''> Tomas Honzik,'*

Tuba E. Eminoglu,'* Phillip M. James, ' Andrew C. Edmondson, ¢ Jozef Hertecant,!” Tamas Kozicz, /10
Glucose Christian Thiel,® Pieter Vermeersch,*'® David Cassiman,>'' Lesa Beamer,” Eva Morava,!0:!1.19.*

B
L2 and Bart Ghesquiére!:1%*

- The American Journal of Human Genetics 104, 835-846, May 2, 2019
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e New approaches to screening and diagnosis

CDG syndromes
Mitochondrial diseases

New therapies
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Mitochondrial diseases

Prospective cohort
children — 56 adults)

: 140 patients (84

Suspicion of mitochondrial disease
Nijmegen score > 5

Randomised to half Genome-Seq, half
Exome-Seq £ mt DNA-Seq

Children : 58 %
Adults : 30 %

Less costly (2000 — 7000 S/diagnosis)
and more effective (+ 11 % of diagnosis)

he Australian Genomic Health Alliance (AGHA) Mitochondrial Flagship
Mitochondrial Diagnoses at a National Level. John Christodoulou

WGS :49 %

Diagnostic rate

66 diagnoses 24% mtDNA

: Delivering

hmqups e
L UCLDuvu\n Bl

76% nuclear

53 different genes

Definitive
1%

vus
43% | 4

47%

MrNDL, 2

Negative candidates
10% 6%

Mitochondrial
n=140

WES + mtDNA : 46 %

s Huni | 23

Non-mitochondrial
(26% non-mito)

Mitochondrial diseases

disorders. David Thorburn

Multi-Omic approaches aid identification of cryptic variants underlying mitochondrial

Genetic Heterogenelty >350 Mito Disease genes

"' Genomic Diagnostic Yields are typically 30% - 60%

In children:

(maternal or de novo)
>50% autosomal recessive
Some X-linked
Some autosomal dominant

In adults:

~70% mtDNA mutations,
(maternal or sporadic)

Some autosomal recessive

Some X-linked

Some autosomal dominant

~25% are mtDNA mutations,
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Mitochondrial diseases L"-

Multi-Omic approaches aid identification of cryptic variants underlying mitochondrial
disorders. David Thorburn

Transcriptomics/RNA seq

BRIEF REPORT UV =

Quantitative proteomics Multiomic analysis elucidates Complex | deficiency caused by

a deep intronic variant in NDUFB10

Guy Helman®?® | Alison G. Compton*®® | Daniella H. Hock* ® |

Marzena Walkiewicz! | Gemma R. Brett®>* ® | Lynn Pais® | Tiong Y. Tan'®°® |
Ricardo De Paoli-Iseppi’ @ | Michael B. Clark’ @ | John Christodoulou®*® |
Susan M. White®® | David R. Thorburn®®° @ | David A. Stroud*® |

Zornitza Stark®>>® | Cas Simons?

u Clinigues univers
Mitochondrial diseases C SAINT-LUC

Biomarkers in mitochondrial diseases. Rita Horvath : SSIEM
— Amino-acids
H Clinical Medicine Acylcarnitines ﬁ“\D\Py .l{';:“h‘::’,"::?:::;: m&

Artice Organic acids Arice |
The Relationship between Mitochondrial Respiratory PGIESI% G; els;";l.‘“lI}Ies;‘(fi‘;ir:legil;g‘eﬁno’;t“ Value of EGF-21.and
Chain Activities in Muscle and Metabolites in Plasma

& & Ana Pefias (¥, Miguel Fernindez-De la Torre !, Sara Laine-Menéndez (¥, David Lora 234{%, Maria Illescas 1,
and Urine: A Retrospectlve study Alberto Garcia-Bartolomé !, Montserrat Morales-Conejo 5%, Joaquin Arenas "%, Miguel A. Martin 1.7

Maria Moran /60, Cristina Dominguez-Gonzalez /%*{ and Cristina Ugalde /*

Corinne Alban 12, Elena Fatale 2, Abed Joulani 2, Polina Ilin 2 and Ann Saada 12+

Received: 3 February 2020 | Revised: 24 August 2020 | Accepted: 26 August 2020
DOI: 10.1002jimd 12307 doi10.1093/braincomms/fcia222 BRAIN COMMUNICATIONS 2021 Page I of 7 | 1

WILEY

ORIGINAL ARTICLE

Diagnostic value of serum biomarker4 FGF21 and GDF15

compared to muscle sample in mitochondrial disease Serum biomarkers in primary mitochondrial
disorders

Jenni M. Lehtonen' | Mari Auranen’” | Niklas Darin® | Kalliopi Sofou’ | Kristin N. Varhaug,"? Omar Hikmat,>* Hanne Linda Nakkestad,' Christian A. Vedeler'**

Laurence Bindoff*® | Omar Hikmat*® | Johanna Uusimaa’ | Piivi Vieira’ | and Laurence A. Bindoff'?*

Mir Tulinius® | Tuula Lonngvist® | Irenaeus F.de Coo® | . . .

Anu Suomalainen™® | Pirjo Isohanni®® serum neurofilament light chain
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Mitochondrial diseases

Journal of Molecular Medicine (2020) 98:1467-1478 .
https://doi.org/10.1007/s00109-020-01967-y

ORIGINAL ARTICLE

Expanding and validating the biomarkers for mitochondrial diseases

Alessandra Maresca' - Valentina Del Dotto? - Martina Romagnoli' - Chiara La Morgia ' - Lidia Di Vito"
Mariantonietta Capristo ' - Maria Lucia Valentino ' - Valerio Carelli"2( - the ER-MITO Study Group

Circulating Cell-Free Mitochondrial DNA in Cerebrospinal Fluid as a
Biomarker for Mitochondrial Diseases

Selena Trifunov, Abraham J Paredes-Fuentes, Carmen Badosa, Anna Codina, Julio Montoya ...

Clinical Chemistry, Volume 67, Issue 8, August 2021, Pages 1113-1121, https://doi-
org.proxy.bib.ucl.ac.be:2443/10.1093/clinchem/hvab091

Circulating cell-free mitochondrial
DNA in plasma and CSF

Biomarkers in mitochondrial diseases. Rita Horvath
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The Journal of Clinical Investigation RESEARCH ARTICLE

Circulating markers of NADH-reductive stress correlate
with mitochondrial disease severity
Rohit Sharma,** Bryn Reinstadler,'>** Kristin Engelstad,” Owen S. Skinner,'**# Erin Stackowitz,” Ronald G. Haller,*”
Clary B. Clish,* Kerry Pierce,* Melissa A. Walker,'***® Robert Fryer,* Devin Oglesbee,” Xiangling Mao, Dikoma C. Shungu,”
Ashok Khatri,” Michio Hirano,* Darryl C. De Vivo,* and Vamsi K. Mootha'?**
1 N-lactoyl-amino acids , B-hydroxy acylcarnitines,
and B-hydroxy fatty acids in MELAS
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e New approaches to screening and diagnosis

e CDG syndromes
e Mitochondrial diseases

e New therapies
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New Therapies

Long-term functional correction of
cystathionine B-synthase deficiency in mice by

adeno-associated viral gene therapy bio
Sclraw Lee, Salami, Kruger, et a/(2021) Einote
CBS deficiency (homocystinuria) is currently treated with vitamin
supplementation and a low methionine diet.

lMﬁw [ cBs - satine .(GSJvMV
AAVrh.10-based gene therapy treats CBS deficiency in mice.
This supports additional pre-clinical testing for use in human trials.
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Gene therapy for classical homocystinuria : Warren D Kruger
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Cystathionine B-synthase (CBS) deficiency

* 1 total homocysteine (tHcy).

. Pyridoxine + Betaine + low methionine diet :
compliance.

poor

Mouse model
a single dose of virus and followed for up to 1 year

AAVrh.10-based gene therapy

* highly effective in treating CBS deficiency in mice

* supports additional pre-clinical testing for eventual
use in human trials.
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Reduction in Plasma Phenylalanine Levels in Patients with Phenylketonuria with Live
Bacterial Therapeutic SYNB1618 : Jerry Vockley

Mechanism of Action for SYNB1618, a Live Bacterial Biotherapeutic

Phe Metabolism
The Target for PKU Biotherapeutic
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Engineered Probiotic Bacteria: E. coli Nissle
Components of Synthetic Genetic Circuit

Hippuric Ackd (HA)
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Phenyl lactic Acid (PLA)

Conversion of Phe into non-toxic metabolites

* PAL3 enzyme converts Phe to trans-cinnamic acid
* LAAD enzyme converts Phe to phenylpyruvate
Safety

» A dap: Auxotrophy — requires diaminopimelic acid
(DAP) to grow
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Reduction in Plasma Phenylalanine Levels in Patients with Phenylketonuria with Live
Bacterial Therapeutic SYNB1618 : Jerry Vockley

SYNB1618 has demonstrated ability to access Phe

within the Gl tract

N ™ 254 uM mean reduction in Phe responders (4/8)
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Mini-COMET : safety and efficacy after 2 97 weeks’ avalglucosidase alfa in infantile-onset
Pompe disease (IOPD) patients previously treated with alglucosidase alfa who
demonstrated clinical decline. David Kronn

¢ N o treatment_ = Most participants (18/22 [82%]) had motor decline at enrollment; on avalglucosidase alfa Pompe-PEDI Functional
related se I’IOUS Skills Scale — Mobilitylz?main was stable or improved as compared with published reference curves!
or severe TEAES
occured =

704 Cohort 1: AVAL 20 mg/kg qow*
Cohort 2: AVAL 40 mg/kg qow

M Cohort 3; AVAL/AVAL 40 mg/kg qow
* Immune

response was gt

modest 0, /\/
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* Stabilization or s e
*Cohort 1: 3 participants received avalglucosidase alfa dose increase per-protocol from 20 mg/kg qow to 40 mg/kg qow at Weeks 55, 61, and 97,
1 respectively, due to further clinical decline
I m p rove m e nt Of ‘Cohort 3: After Week 25, participants in the alglucosidase alfa arm switched to avalglucosidase alfa 40 mg/kg qow
motor fuction
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