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Case study

Personalized healthcare in rare metabolic diseases

Normal Dutch parents

Son Brian, 2002, low birth weight, lactic acidosis, hypoglycaemia
Intellectual diability, movement disorder, epilepsy

T age 3,5 yr (respiratory failure) T he
Son Joel, 2009, same clinical phenotype 9[9393221?9"24‘1%’1#1 pi‘ﬁ?;}'dﬁ’q
T age 1,5 yr (epilepsy) | |
Ni . 12 13
Clinical phenotype: lp:é%ﬁw; p[p:é%ﬁGor
Suspicion of mitochondrial dysfunction P saravien sy

{Wortmann et al, Human Biology 2017}
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Case study

Lab tests * ATP production {,, Creatine phosphate production {,
vj? *  But OXPHOS enzyme complex |-V normal
 Candidate gene sequencing: no variant

* Mechanism of disease?

* |n 2010: Whole Exome Sequencing - WARS2
mutations

{medicalxpress.com}

NADH  NAD*+H* 3H*
ADP + Pi

NADH:ubiquinone Succinate dehydrogenase Ubiquinone-cytochrome ¢ Cytochrome c
oxidoreductase oxidoreductase oxidase F1/Fo-ATP synthase {Rodenburg, Biochim
(complex 1) (complex Il) (complex 11I) (complex 1V) (complex V) . g,
Biophys Acta, 2016}
subunits (genes) 44 4 11 13 13
mtDNA 7 0 1 3 2

nDNA 37 4 10 10 15 Radboudumc



Case study

New mechanism of disease

Received: 19 July 2017 ‘ Revised: 7 September 2017 ‘ Accepted: 10 September 2017

WARS?2 is mtDNA-coded
tryptophanyl-tRNA synthases

DOI: 10.1002/humu. 23340

RESEARCH ARTICLE

Biallelic variants in WARS2 encoding mitochondrial
tryptophanyl-tRNA synthase in six individuals with
mitochondrial encephalopathy

WILEY HGV§

* Novel mutation causes
instability of WARS2 protein

* Less charging of Trp-tRNA™
* New prenatal genetic test !

Saskia B. Wortmann1.2.3+ | SharitaTimal*>* | Hanka Venselaar® |
Liesbeth T. Wintjes* | Robert Kopajtich? | René G.Feichtinger! | Carla Onnekink”? | crueT csnoc comsnT
p.Gly45val p.Val178Leu p.Lys313Met
Mareike Miihimeister* | UlrichBrandt* | Jan A.Smeitink* | Joris A. Veltman®1© i pridt- - pver
©91-8725_348+27116de136099 ¢.1054G>A
Wolfgang Sperl® | DirkLefeber® | GerPruijn”® | VesnaStojanovic'%1? | B0 1 pomicerion poRsZys
Peter Freisinger'® | FrancjanvSpronsen'® | Terry GJDerks' | to rense [ JD.D_ |
Hermine E. Veenstra-Knol** | Johannes AMayr! | AgnesRétigé | o = T L SV E A
Mark Tarnopolsky!” | Holger Prokisch>3+ | Richard J. Rodenburg* [ag " S~ 2 f{ @ emresen
NP_056851.1 r £ f
(360 2a) ! l : H l l [
aminoacd 1 360
st sequence
C1
family F2: plig Cl Pag Py 1213 C2
1 c2 1 oI5
D__O WARS? e g # s 37kDa —>Trp-tRNAT'p
:n97d1elcu=1 cwaein:w MT-CO2 s - 19 kDa .. . —> tRNATP
p(Pro265Rigis™0L(=]|  p ILys313Met ]

o

12
€[7970eIC],
(938A>T) [938A-T]
P [Pro265A1g15™10]; P.[Pro266Agfs'10];
[Lys313Me1] [Lys313Met)

NDUFSA 4t Sl s W8 10 kD2

SDHA - - . 70 kDa

ATPSAL W s sy @ 50 kDa
UQCRC2 "= swme ssse s 43 kDa

VDAC1 —— e— - 29 kDa

= | - tRNAAE

{Wortmann et al, Human Biology 2017}
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Case study

Meet & greet @ Translational Metabolic Laboratory

: T W : |
’ v = LT e, N
L ' ” BIOCHEMISCHE DEFECTEN B}
¢ e o . Gay . o, STOFWISSELINGSZIEKTEN
Dankazij julli€ heefggons" ;' oo

leven een positieve oty
wending gekregen’ s

fngssiekien. Dat pin nandosryrgen waarty|
de ichaamscetien covokioende enefgre Lt
'Wij zijn de medewerkers van jullie megen de carzaak van de ziekte hadden voecze! haken. We benaren 1o de Europese.




Case study
Lessons learned

* Fast translational of biomarker research to implementation
in academic clinical laboratories

* Technology innovation is driving impact in personalized
healthcare

* Crucial to combine different molecular views (X-omics)

Radboudu mc



Role of X-omics biomarkers in Personalized Healthcare

Personalized diagnosis

-~

Personalized therapy

|

|

I "Ona
_ 7

|

|

|

.‘v, | Patient participation
PN |
T eCEe I = Personalized healthcare

Therapy monitoring

Information

T @ 1
= molec“le human f .;?é. Possible treatments
® £ & y
A B CDE

Radboudumc
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Genomic impact in Personalized Health(care)

Personalized medicine: Personalized health:
B-RAFV60%E drugs for melanoma BRCA-driven preventive surgery

The IRS Mess /Syria's YouTube War/ The End of Alimony

A Progression-free Survival
100

Hazard ratio, 0.26; 95% CI, 0.20t0 0.33;
P<0.001

THE

ANGELINA

EFFECT

Vemurafenib (N=275)

Progression-free Survival (%)
=2

M Dacarbazine (N=274)

No. at Risk BY JEFFREY KLUGER & ALICE PARK
Dacarbazine 74 213 85 45 28 16 10 [ 3 0 o o /]
Vemurafenib 275 268 211 122 105 S0 35 16 4 3 0 0 0
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The power of omics in diagnostics
* Higher diagnostic yield

* Contextualisation of change

Single 1 increase ‘
biomarker J decrease
Patient 1
: 1 : ] 1 1 ‘ | I : : T I T
Omics
panel ‘ ‘ ‘ ‘ ‘ Patient 2

\\\\\



Diagnostic progress by Whole Exome Sequencing

7.3 % 29.3%
u Positive diagnosis : Positive diagnosis

Possible diagnosis

No diagnosis No diagnosis
27.3%
Sanger sequencing Whole Exome Sequencing
Gene-by-gene All genes at once
5.4 tests / patient (1-28) 1 test / patient

Retrospective analysis of Intellectual Disability cohort (n=150)

Human Genetics N I_] MEQgEN (Lisenka Vissers, Marcel Nelen, Han Brunner et al)
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Next: Whole Genome Sequencing

Circus plots of Whole Genome Sequences of two metastatic cancer patients
Source: Edwin Cuppen, Hartwig Medical Foundation

13 Alain van Gool, 2nd Conference Validation of Biomarkers, Basel, 28 Mar 2019 Radboud,umc
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Interpretation of genetic variants becomes the issue

Guidelines American College of Medical Genetics and Genomics (ACMG)

Variant classification:

1. Benign

2. Likely benign

3. Uncertain significance
4. Likely pathogenic

5. Pathogenic

More sequence data =
more unknown variants

Benign Pathogenic
Strong Supporting Supporting Moderate Strong Very Strong
Population MAF is too high for Absent in population Prevalence in
Data disorder BA1/BS1 OR databases PM2 affecteds statistically
observation in controls increased over
inconsistent with controls PS4
disease penetrance BS2
Computational Multiple lines of Multiple lines of Novel missense change | Same amino acid Predicted null
And Predictive computational evidence computational at an amino acid residue| change as an variant in a gene
Data suggest no impact on gene | evidence support a where a different established where LOF is a
/gene product BP4 deleterious effect pathogenic missense pathogenic variant known
Niksansain sane witsie on the gene /gene change has been seen PS1 mechanism of
I 8 E product PP3 before PM5 disease
only truncating cause PVS1
disease BP1 Protein length changing
ioat Dagg
“ ional [ ful i
— T4 Functional studies can be a powerful tool in
Data fun . . ”
no
~{ support of pathogenicity
Non-segregation Co-segregation with
Segregation with disease BS4 disease in multiple X
= Increased segregation data
Data affected family Ui >
members PP1
De novo De novo (without De novo (paternity &
Data paternity & maternity | maternity confirmed)
confirmed) PM6 PS2
Allelic Data Observed in trans with For recessive
a dominant variant 8P2 disorders, detected
in trans with a
Observed in cis with a pathogenic variant
pathogenic variant BP2 PM3
Other Reputable source w/out Reputable source
Database shared data = benign BP6 | = pathogenic PP5
Found in case with Patient’s phenotype or
Other Data an alternate cause FH highly specific for
BP5 gene PP4

Richards et al., Genet Med. (2015)17:405-24
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Radboudumc

university medical cente!




Complexity of biological systems

Text book

Reality

External
environment RNA \
oe modification
Ribosome Termi
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‘! \."EP processing
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/
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regulation complexation |
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DNA
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F;jrotein Metabolites
ecal
P m RNA
[l
W Protein
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FtsZ
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Cytokinesis

DNA
replication

Chromosgme
segregation

*$

Environment {Karr, Cell 2012}
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Complexity in protein biology

Truncation
Phosphorylation l

Acetylation 1.000.000 -2.000.000
Ubiquitination @ protein forms

21.000 genes

N- GchosyIatlon

BRI “fﬁ’%&%ﬁ
e “x“x EAIARY
Tr e ey

16 Alain van Gool, 2nd Conference Validation of Biomarkers, Basel, 28 Mar 2019 Radboudumc
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DNA’ variants: changes in code
Benign:
Pathogenic, easy to notice:
Pathogenic, hard to notice:

Protein variants: interpretation and execution

LE HEEL HOLLAN D

ECE PTEN

BEREIDINGSWIJZE

370mL - 371 mL
370 mL - 970 mL
sugar — salt

. RNA variants: translation and communication

,.,...

.3! LA

INGREDIENTEN

4w

£ Zeef de bloem. het bakpoeder en het zout in 130 gF roomboter

tl bakpoeder of

170 gr bloem bloem + 1
75 ar zelfrijzend bakm

een kom. Klop met een elektrische mixer tot een
75 gr witte basterdsuiker

ict toe en k 1tlvanille extract

nschep do L
snufje zout

k. 100 gr checolade naar keuze ( melk
puur, wit)

pier. Spuit de koekjes op de bakplaat

in de oven of totdat de randen lichtbruin zijn
huten afkoelen. Leg de koekjes vervolgens met
Laat helemaal afkoelen.

Do gram chocola en dip de helft van de koekjes er
#r en zet in de koelkast om hard te worden




Functional Omics platforms
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(www.youtube.com/watch?v=yhLbuX0H7rg)
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2
Genomics & Meta_bolomics

Human
samples

- Reverse phase
- Positive and ng
- Features

Plasma, CSF (urine)
Controls vs. patient

nature
genetlcs

NANS-mediated synthesis of sialic acid is required for
brain and skeletal development

Clara D M van Karnebeek!
Beryl Royer-Bertran
Dian Donnai'?,
Antonio Ros
Brian ) Stevenson'?, En
Jessie Halparin!, C
Ed van der Hee
Thomas Boltje?5, Wy
& Andrea Superti-Furga®2729

Luisa Bonafé*2s,

“ollingridg:
, Leo A ] Kluijtmans®,

Wl rights reserved.

Karlien Coene
Leo Kluijtmans
Ron Wevers
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Translational Metabolic Laboratory
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Translational Metabolic Laborator

Genomics & Glycomics

|
I

g |
v PN

Dirk Lefeber
Monique van
Scherpenzeel

|

20 Alain van Gool, 2nd Conf1
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(manuscript in prep)
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Translational Metabolic Laboratory

Genomics & Glycoproteomics

* Mass spectrometry analysis of glycoproteins in human plasma

* 1/20 microliter analysis: detection of 1.000.000 signals in one scan (1,4 Gb)
* ~40.000 peptides of which >80% contain sugar modification

* Potential to screen patients and identify new biomarkers?

Proof of principle study:

"ﬁme [min]

mlz_ =y
: 1 @ Controls
Patient
2000 ol .
@Group 5 © Patient -
Group 1
-20 4
Patient
1500 401 Group 4
' -JD -2‘0 j 0 20 40 Sb 80 PC1
PC4
0.04 %
1000 4 0024 o =) "
0.00
-0.02 H
500 -
-0.04 4 S
= - Biomarkers 1?

Hans Wessels, Alain van Gool, Dirk Lefeber

Radboudumc

21 Alain van Gool, 2nd Conference Validation of Biomarkers, Basel, 28 Mar 2019



Translational Metabolic Laboratory

Functional genomics

PTPS deficiency

TH/BIlI-tubulin/DAPI

PTPS deficiency-Corr#l

CRISPR/Cas9

i\

B-ManNAc
CH,

/

a-ManNAc
CH,

N

»

T T T T

T T
2.10 2.05 2.00

biomarkers

complementation

functional validation

a-actinin

contr
+NGFP +nGFP +TAZ

BTH BTH

rescue ) ]
of variants with unknown /7
significance
—— \
YPD YPD
mdh14 fermentation respiration

]
(]
L}
[}
[}
[
[}
(]
(]
(]
1
[l
L}
-

animal model

Richard Rodenburg
Omar Tutakhel

MDH1
mdh1-P128L
mdh1-P202L

mdh1-G30R

micro-organism model

{Rodenburg,
J Inherit Metab Dis, 2018}
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Translational Metabolic Laboratory

Precision medicine in genetic-metabolic disease — current

New disease

Personalized diagnosis .
mechanisms

Nature Genetics 2018

Genomics
(WES)

H,0, Ci
Hydrogen Formal ogen
peroxide ide
Hs—CH, + MTO s
Methanethiol W Oxygen Formaldehyde Hydrogen Hydrogen
Ifide

Personalized therapies

NEJM 2014

A Before Dietary Intervention
Q99 Q TSEstamy

No galactose or
sialic 30d residue —

%
T
2

Metabolomics

——

'T i
R
‘=-.._EE_ _— —

Glycomics 2 Y

B After Dietary Intervention

7 i
g
g
e
24
— I
b
/ <
=~
No. of sialc adds

Figure 3. Effects of Dietary Galactose on Protein Glycosylation.

Genet Med 2017

p=0029

A-Glyco Mono-Glyco Trisialo-Glyco
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§ 004
E i
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Diagnostic glycoproteomics pipeline
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Translational Metabolic Laboratory

Precision medicine in genetic-metabolic disease - future

Personalized diagnosis New disease New personalized
mechanisms therapies
Genomics  wews Deep Learnin .
=l i
(WGS) P g LY > |
Artificial Intelligence - -
System biology
Metabolomics ;3,."i
Glycomics B [> : g
5. . g .
‘ >
Glycoproteomics Nature Genetics 2016 Pilot 2017

Ratbond e
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High need to bring clinical X-omics to higher level

* Technologies: Quality, harmonised, standardised, cheaper, higher throughput
* Translation: Clinical and regulatory acceptance

* Genomics is quite advanced
* Proteomics, metabolomics (and other omics) much less so

o @ _ clinical

° o . An evidence-based / biomarkers
o analysis to characterise the \

O R = benefits of personalised

medicines to patients,
society and healthcare

5 : d o systems eatrls

o) July 2018 European infrastructure
for translational medicine
Charles River m 1
- m C Associates - O I C S.nl
ebe -4 efpia

Technology Centers
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Progress further through collaboration |ational

T IOcaI Biomarker
JAVAY o . Development
& X -omicsn Camer
S0 ;
eeeee ® ® ® o ¢
chealth ., — >
—_— ® o ® o
S @ r\J (:)
eoeoeeoe VR[I research
PPN e o 1 , o infrastructure

KWF a ®
KANKER
BESTRIJDING
00 (((?U! NETHERLANDS FEDERATION OF UMCs
B DATA4LIFESCIENCES
DTL ‘ ® ,5 \ ')

clinical

/ iomarkers ' ’
'\{)b “" ' 'European networks elixir e PTR||

EuroPEAN PAEDIATRIC TRANSLATIONAL RESEARCH INFRASTRUCTURE

eatris BBMRI-ERIC | ' ECRIN

BioMolecular Resources .
European infrastructure Research Infrastructure EUROPEAN CLINICAL RESEARCH
for translational medicine INFRASTRUCTURE NETWORK
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Technology Centers

Radboudumc

29

Translational Mi Imaglng
. . icroscopy
e o Animal neuroscience
PrEChnlcaI research Imaging
facility
Stem cells Image-guided
treatments
Flow
cytometry 3D lab
Mass . Human
spectrometry research education performance
o0 o
Genomics " ' Clinical
molecule population studies
Health ‘
economics Biobank . .
Clinical
Deep
learning ' | Health data
X-omics
Bioinformatics Dat; hi
Biostatistics stewardship
Data
Technology Centers
www.radboudumc.nl/research/technologycenters B



Collaboration towards Good Biomarker Practices

COMMENT

Center

eatris Bridging the translational innovation
Faopem gap through good biomarker practice

Alain J. van Gool', Florence Bietrix?, Eric Caldenhoven®, Kurt Zatloukal®, Andreas Scherer®,
Jan-Eric Littons, Gerrit Meijer?, Niklas Blomberg?, Andy Smithé, Barend Mons?®,

:-;% { BBMRI-ERIC Jaap Heringa'®, Wim-Jan Koot®, Martin J. Smit'!, Marian Hajduch'?, Ton Rijnders® and

Biobanking and Anton Ussi?
BioMolecular Resources

Research Infrastructure Few biomarkers progress from discovery to become validated tools or diagnostics. To bridge
this gap, three European biomedical research infrastructures — EATRIS-ERIC (focused on
translational medicine), BBMRI-ERIC (focused on biobanking) and ELIXIR (focused on data

® [ ] sharing) — are paving the way to developing and sharing best practices for biomarker validation.

E I ’ " r {van Gool et al, Nature Reviews Drug Discovery, Apr 2017}

/O clinical  cosr action cA16113
L\ gature » ‘\{) biomarkers http://clinimark.eu

pioneering medicine.
together.
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http://clinimark.eu/

New: Handbook of Biomarkers and Precision Medicine

70 manuscripts from experts in pharma,
diagnostics, clinic, technology

ok wh

0 N

What is a biomarker and their role in drug
development?

Biomarkers in preclinical sciences
Biomarkers in translational sciences
Biomarker-informed clinical trials

The road ahead in precision medicine
Lessons from the past and pioneers of the
future

Emerging technologies

The next frontiers in therapeutic target areas
Lessons learned and what’s next?

Publication data April 29t 2019
Draft pricing (Amazon): hardback USD 285,
e-book USD 60

HANDBOOK OF
BIOMARKERS AND
PRECISION MEDICINE

EDITED BY
CLAUDIO CARINI
MARK FIDOCK
ALAIN VAN GOOL

@ CRC Press
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Focus of Netherlands X-omics Initiative “Crossy”

www.x-omics.nl/contact/helpdesk

* Access
* Helpdesk / training

* Data integration _ .
* Collaboration * Best practice

* Data analysis

* Quality
* Expertise

* Study design
* Sample handling

e Data cataloging * Best practice

. n
Push omics " O
technologies E g * Quality
* Resolution 8 g  Standards
o
* Sensitivity 8 5 * Data FAIR
at source
* Coverage

K -omics



X-omics demonstrators

To showcase and field test new X-omics capabilities

1. Cell/organoid
* Understanding cancer drug response and resistance

* Drug-induced dynamic pathway analysis

2. Individual
* Understanding personalized differences in rare diseases

* Systemic changes to biological challenges

3. Population
* Understanding genetic variants in Dutch population

e Statistical correlations

X -omicsn



X-omics festival 2019: “The future is now!”
NN

AL

W -omicsn

X-omics Festival 2019
April 16th 2019 @ Nijmegen, The Netherlands!

* X-omics project kick off * Live Q&A

* Learn about the X-omicsapproach * Technology demonstrations
* Keynote lectures * Sharing dreams and visions
* Meet & greet with the experts * Networking oppertunities

WWW.Xx-omics.nl

L]
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X-omics summer school July 2019

5 days @Radboud University Nijmegen
1-5 July 2019 & TRANING
Theory + Hands-on

SCHOOLS

B . k X-omics aims to realise the next generation “omics”
”l infrastructure across the Netherlands, by combining techno-
° I O a r e rS . "“ logies in the field of genomics, proteomics, metabolomics and

data analysis, integration & stewardship.

. N eXt ge n Se q u e n Ci n g & X-omics will have a strong focus on training and outreach and

will develop several training schools.

»
The first traini hool that will be developed is the "X i
3. Mass spectrometry “' e ATl o ibwanaahin s s e

,7 The Netherlands X-omics initiative is a National Roadmap
Large-Scale Research Infrastructure, partially funded by NWO
with a total budget of 40 million euro.

training school will organize a first workshop:

. Data i nteg ratio n & a na IySiS it' Radboudumc Summer School o

D “Integrative X-omics analyses l
i empowering personalized healthcare”.

. Case studies

1-5 July 2019 @ Nijmegen, NL. u

h‘.
-
i In this course you will receive high profile lectures and practical

training on the integrated use of molecular-omics technologies in
personalized prevention, diagnostics and treatment, to optimize
your experimental and analysis strategies.

. e l For more information about this course and to apply please visit
';? X the Radboud Summer School website via the link: goo.glpyrvS6

www Radboud University.
Quick link: goo.gl/pyrvS6

WWW.X-omics.nl

L]
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Collaboration in United for Metabolic Disease

* Netherlands multidisciplinary
collaboration

* Clinicians + laboratory
specialists + patients

* Step-wise focus:

1. Awareness
2. Diagnosis

3. Understanding
4. Therapies
5

Care and prevention

* Link to technology in
Netherlands X-omics Initiative

Knowledge
Sharing

Diagnostic
Cllmc

Metabolic
Patients

Brecision

Deep
Phenotyping
p & Registries

Treatment &
Access

Studying
the DNA
(genome/

transcriptome/
methylome)

A

~ Integrated
-OJ'nies Data
~ Analysis
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Afterthought: there is no single one reflection of health

* Funhouse mirror effect

* Multiple sources of your

data
* Multiple Omics
* Clinical chemistry
* Electronic Patient Dossier
* Wearables
* Digital biomarkers
* Commercial health tests
* Social media
* Surrounding

* Each give an (incomplete)
image of you

* How to deal with all of this
for your personal health?

{Mira Vegter, Hub Zwart, Alain van Gool, in prep}

E
3

:

6

_
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