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Purpose

➢ To identify temporal changes in metabolic activity of mesenchymal

stem cells during the course of OD through analysis of metabolomic

and transcriptomic data to see if the progression can be split up into

different phases, each with its own identifying metabotype.

➢ To reconstruct an original and hitherto unseen trio of comparable

genome scale metabolic models, modelling metabolism of

mesenchymal stem cells during the first seven days of OD and AD as

well as proliferation.

➢ To bring together the possibilities that lie within the fields of genome

scale metabolic modelling, metabolomics and stem cell-based

medicine and highlight how they can all can be combined in order to

further the use of mesenchymal stem cells in tissue engineering and

regenerative medicine.

➢ Can be split into 3 categories

18.09.21

4



Purpose

➢ To identify temporal changes in metabolic activity of mesenchymal

stem cells during the course of OD through analysis of metabolomic

and transcriptomic data to see if the progression can be split up into

different phases, each with its own identifying metabotype.

➢ To reconstruct an original and hitherto unseen trio of comparable

genome scale metabolic models, modelling metabolism of

mesenchymal stem cells during the first seven days of OD and AD as

well as proliferation.

➢ To bring together the possibilities that lie within the fields of genome

scale metabolic modelling, metabolomics and stem cell-based

medicine and highlight how they can all can be combined in order to

further the use of mesenchymal stem cells in tissue engineering and

regenerative medicine.

➢ Can be split into 3 categories

5



Mesenchmal
stem cells

MSC

Chondrocyte

Adipocyte

Osteoblast

Figure 1. 

Sox9 & 
Sox6/Sox5

PPARγ

Runx2

Osteocyte

Bone
Fat tissue

Hypertrophic 
Chondrocyte

Cartilage

Rnx2, ALP, COL1,
OC, ON, OP 

PPARγ, 
Ap2, 
LPL 

Sox9, COLII

Self-Renewal

Immunomodulation

Bone-Marrow
Umbilical Cord

Muscle

Peripheral Blood

IL-10, NO, IDO, TSG6
PGE2, CCL-2, TGF-β,

Galectins

Immune Cells

IFN-γ,  TNF-⍺,  
IL1- ⍺, IL1-β

Antigen 

Presenting Cell

Activated MSC

Differentiation

Cells must express following 

surface markers to be MSCs:
- CD73, CD90, CD105

Cells must not express following 
surface markers to be MSCs:

- CD11b, CD14, CD34, CD45, CD19, HLA-DR

The promise that they 
hold
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Ostegenesis
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What value do 
GEMs bring to this 
project?
- Multiple components and variables need

to be accounted for at the same time. 

- Only way to get a holistic picture

- GEMs combine genomic and bibliomic
data to represent biochemical, genetic and
genomic (BiGG) base that is converted into
a mathematical format

- Allow for integration of HT multi – omic
data, enabling creation of context specific
models capable of making more accurate
predictions.
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Story #1
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Story #2
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Expansion

Adjusted
p-value

Enriched set size Total set size Groups Increased

0.000254 98 1368 Exchange/demand reaction

0.001831 65 961 Fatty acid oxidation

0.003348 9 242 Cholesterol metabolism

0.003348 9 240 Fatty acid synthesis

0.003348 1 105 Transport, lysosomal

0.003348 25 453 Transport, mitochondrial

0.006098 3 133 Sphingolipid, metabolism

0.011893 7 185 Bile acid synthesis

0.017589 11 47 Vitamin A metabolism

0.019096 5 12 Biotin metabolism

Osteogenesis

Adjusted
p-value

Enriched set size Total set size Groups Increased

7.09E-07 12 961 Fatty acid oxidation

8.6E-06 28 1368 Exchange/demand reaction

Adipogenesis

Adjusted
p-value

Enriched set size Total set size Groups Increased

1.64E-05 26 1368 Exchange/demand reaction

0.000253 16 961 Fatty acid oxidation

0.012651 1 240 Fatty acid synthesis

Created with BioRender.com
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HE-RO-IS 
strategic cooperation 
in hematology – HERO

18.5.2022

13



Papers published 
in cooperation 

during HERO SEE
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Jan;9(1):68. doi: 10.21037/atm-20-3140.
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Paper III
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Newly reconstructed models expand coverage of metabolic pathways and accurately represent
core metabolic fluxes.

• Model comparison (both internal and the iMSC1255 model):
• Could recapitulate known differences between cell

lineages
• Expanded coverage of metabolic pathways (to

iMSC1255)
• Accurate representation of core metabolic fluxes.

• Near correct ATP production (glucose/glutamine):
• Glucose:

• A = 32 molecules
• Ana = 2 molecules

• Glutamine
• A = 23
• Ana = 2

• Comparison of yield between reconstructions and theoretical
values:
• (A) Aerobic metabolism of the most energy dense

substrates
• (B) Aerobic metabolism of the least energy dense

substrates
• (C) Anaerobic metabolism
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Mitochondrial Function Separates Proliferating and Differentiating MSCs 
and Pentose Phosphate Pathway Flux Differentiates Osteogenesis and 

Adipogenesis
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