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Diagnosis of metabolic disorders

IEMs — genetic disorders leading to a defect in metabolic pathways:
- Variable clinical presentation 1
Timely diagnosis important for possible therapies 2
Challenging diagnosis 1.
Overlapping symptoms
Difficulty interpreting metabolite concentrations

Visualization in pathways
- Changes at a process level

For this internship - Pyrimidine and Urea cycle disorders
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* Nitrogen containing carbon ring structures:

- Thymine, cytosine and uracil
 Metabolismin 4 parts.

- De novo synthesis
- From glutamine to UMP

* Pyrimidine disorders 1
- Enzyme defects
* Diagnosiss
- Based on metabolite markers
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Differential diagnosis
* Challenging

e Urea cycle disorders = accumulation carbamoyl phosphate = enters de novo
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Research question

How can metabolomics data from urine and blood
plasma be visualized in an automated manner to enable
the interpretation of biomarkers related to pyrimidine
and urea cycle defects?
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e Disease types form
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e UCD
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Heatmap

e Disease types form
clusters
e UCD

- 3 amino acids for all
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- Several others overlap

* PMD

- Hardly any overlap
* Based on these
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differentiation seems

possible
- Notin practice
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Open network

?
—.Cytoscape
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of%

R markdown

\4

script made with network in
Rstudio 1 Cytoscape 3.7.1
WP4583/WP4584

Open pathway as ,
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‘ Automated
Possible to automate

‘ Not possible to automate

Grey node colour

Apply default Small anchors

style Hexagons for
non-metabolites

Directionality for
edges

1 RStudio Team (2015) http://www.rstudio.com/ 21
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Reference data

File with
reference data
lower and upper
limit

File with names

in pathway and
IDs
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REfe rence data Possible to automate

‘ Not possible to automate
File with

reference data

lower and upper
limit \ One file with Manual 2log

. : : Determine range
reference data transtformation

of log values
File with names

in pathway and
IDs
Colour gradient

from white to _
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with a colour
code

Each reference

with hex colour
codes
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. Automated

REfe rence data Possible to automate

‘ Not possible to automate
File with

reference data

lower and upper
limit \ One file with Manual 2log

¢ _ Determine range
reference data transtormation

of log values
File with names

in pathway and

IDs
Colour gradient
& ) Each reference
from white to value combined
red in 100 steps g .
Name CHEBI Om-1m L Log Om-1m L|Colour code ) with a colour
Threonine  |CHEBI:16857 [13.1 3.817623[#FFA7A7 with hex colour

code
codes
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. Automated
Visualize reference data

Possible to automate

‘ Not possible to automate
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Visualize patient data

N-Carba
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Visualize patient data
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for patient data

N-Carba
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Visualize patient data

Node fill colour
for patient data
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Compare to
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Parts of the workflow not automated
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Challenges automatization

. Parts of the workflow not automated
- Time restrictions

- Otherissues

- Cannot add lists to Cytoscape table with Cy3
- Age of patients not represented in same categories as reference data
- Challenges with mapping of charged metabolites in pathways
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Results

Data from 12 patients analysed

5 Urea cycle disorder

7 Pyrimidine disorder

6 patients Urea cycle data available

11 Pyrimidine metabolites data available
3 groups of patients identified

Similar parts of network

Differences within one group
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Four metabolites connected in the Pyrimidine
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Results group 1

- Four metabolites connected in the Pyrimidine
pathways altered for four patients
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Citrullinemia type |
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Results group 1

- Four metabolites connected in the Pyrimidine
pathways altered for four patients

Citrullinemia type | Beta-ureidopropionase deficiency
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Discussion group 1

- Beta-ureidopropionase deficiency only 4 metabolites upstream
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- No other altered metabolites
- In correspondence with literature :
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Discussion group 1

- Beta-ureidopropionase deficiency only 4 metabolites upstream

from defect altered
- No other altered metabolites
- In correspondence with literature :
-  Two metabolites downstream from defect expected to be

decreased .
- Part of Urea cycle metabolites = not available

- These metabolites only altered for these and 1 other patient

- Several other altered metabolites

1 Kuilenburg AB van, et al. (2004) Hum Mol Genet

2 Kuilenburg AB van, et al (2012) BBA- MolecularBasis of Disease
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- Citrulline more than 4 times the reference value
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Discussion group 1

. Citrullinemia patient

- 7 altered Pyrimidine metabolites
- 9 altered Urea cycle metabolites
- Of these 8 are part of Pyrimidine degradation

- 4 more than for beta-ureidopropionase deficiency patients
- Only 1 found in literature 1
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Discussion group 1

. Citrullinemia patient

- 7 altered Pyrimidine metabolites
- 9 altered Urea cycle metabolites
- Of these 8 are part of Pyrimidine degradation

- 4 more than for beta-ureidopropionase deficiency patients
- Only 1 found in literature 1
- Citrulline over 4 times the maximum reference value

- Defect in enzyme that converts citrulline to argininosuccinate
- Main metabolic alteration for patients 2

1 Burrage LG, et al. (2019) Genet Med
% Maastricht University 2 Quinonez SC, et al. (1993) GeneReviews
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Results group 2

. 2 metabolites only altered for patients with

Dihydropyrimidine dehydrogenase deficiency
- 5-OH-methyluracil and thymine

- Uracil also altered ”° @
- For one patient Urea cycle data present > /
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Discussion group 2

Dihydropyrimidine dehydrogenase deficiency patients
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- Dihydropyrimidine dehydrogenase deficiency patients
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Discussion group 2

- Dihydropyrimidine dehydrogenase deficiency patients
- 5-OH-methyluracil and thymine only altered for these patients
- Uracil also altered
- All metabolites upstream from defect

- No altered metabolites downstream from the defect
- Including beta-alanine and (S)-beta-aminoisobutyrate
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Results group 3

- Cystinuria
- Ornithine and arginine altered
- No altered Pyrimidine metabolites -> 1 patient
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Results group 3

- Cystinuria

- Ornithine and arginine altered

- No altered Pyrimidine metabolites -> 1 patient
- Argininosuccinic aciduria

- Citrulline and Argininosuccinate altered

- Two altered Pyrimidine metabolites
- N-acetylglutamate synthetase deficiency

- No altered Urea cycle metabolites
- 1 altered Pyrimidine metabolite in de novo synthesis
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Discussion group 3

« Cystinuria
- No altered Pyrimidine metabolites

- Ornithine and arginine altered
- Problems with reabsorption of these metabolites 1

« Patients with Urea cycle disorders mostly few (0-2) altered metabolites
- Not connected in the pathway
- Except citrullinemia patient

- Arginase and ornithine transcarbamylase deficiency not analyzed
- Previously found to have altered metabolites 2

« Most Urea cycle disorder patients do have altered Urea cycle metabolites
- Except N-acetylglutamate synthetase

1 Fjellstedt E, et al. (2003) Urol Res
% Maastricht University 2 Burrage LC, et al. (2019) Genet Med 36
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Discussion overview

* Problems with identifier mapping

« Parts of the workflow not automated

« Beta-ureidopropionase deficiency = 4 metabolites upstream from defect
 Citrullinemia patient 2 many metabolites including Pyrimidine degradation
« Dihydropyrimidine dehydrogenase deficiency = 3 upstream metabolites

« Patients with UCD mostly few Pyrimidine metabolites altered

« Differentiation seems possible with network analysis

* Not for all patients both metabolites panel
« Lack of diseases analysed
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Conclusion

- Data suggests a difference Pyrimidine metabolism and Urea

cycle visible on a pathway level
To determine the differences to answer the research question
- Not enough data and time available
Further analysis and development of the workflow
- Possible to differentiate between disease types based on pathway and
network analysis

After further automation
- Workflow can help with the diagnosis of different IEMs types
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Limitations

- Not possible to automate full process
- Lack of available patient data
- No Urea cycle data was available for most Pyrimidine patients

- Workflow not tested on
- Patients with unknown disease type
- All Urea cycle or Pyrimidine disorders
- Different IEMs types
- No validation possible
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Outlook

&

Further automation of the process
Extent analysis to patients with different disorders
Analyse data on both processes for all patients

Confirmation of results
- Test set of patients with unknown disease
- Explain concepts of study to experts in disease area
- Same interpretation for multiple experts
Add diseases to the network
- Do results make sense based on place of disorder in pathway

- Text labels not currently imported at right position
- Make this possible

- Extent network with CyTargetLinker 1 = need linkset with disease-gene interactions
Addition of transcriptomics data or data on the genetic defect

- Predict the expected effect on the metabolites
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