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» Evolution created enormously complicated organisms and this random
and chaotic process only work in particular environment.

» Over the years complicated circuits are built on top of this complex
structure.

» To study and understand this complexity is a challenging task.

Rube Golberg’s inventions
v Number of components
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v Their connection
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In total 20 h (fasting conditions throughout experiment)

T=0h T=4h T=8h
12 h (overnight) 4h
St_Udy_SUbjeCtS with d3-leucine and d5-glycerol l
Varies liver fat content injection for VLDL kinetics

Blood samples

T = Oh, 4h, 8h
Blood samples for Durham Sacramento
VLDL / apoB kinetics Metabolomics Lipidomics
(N =73) (N = 86) (N =78)

Plasma Plasma
Metabolomics Lipidomics

VLDL kinetics

Mardinoglu et. al (2017), Mol. Syst. Bio., 13:916



ING'S
College
LONDON

Gut | g V p=—F — W gi® aag A=,
microbiota

Small
intestine

mmmmm— e a= =

L CEEEEE =

— ( Glucose ===~ S PTEITERITE >
1

A :
" Adipose
T (Ketone bodies)
-
Large ' :
intestine - E v
v
Amino acids |« Muscle

Nature Reviews | Gastroenterology & Hepatology

Mardinoglu et. al (2017), Mol. Syst. Bio., 13:916



glucose[c] = — ¥ 3-phospho-D-glycerate[c] = — ® nyuvate[C] — |actate[c]

Liver tissue o

PHGDH \
NADHI[c] \4
3-phosphonooxypyruvate|c]

glutamatelc]
PSAT1 ‘> BCAT1
AKG[c] == = = = = = =P

3-phosphoserinze[c]

H20[c]
— PSPHK’ _
ADP[C] SHMT1 Pifc]

ATPIc] Glycine[c] € serine[c]

Glutamine[c] — Glutamate(c] gamma-glutamyl- GSHIc]
GCLC cysteine[c] GSS
GCLM

ATP[c]  ADP[c]
Pi

Cysteinelc]
NADH[m] Mitochondria
NADP+[m] 2 GSH[m] H202[m]
H+[C]— H+[m] GS?’%> :f
NADPH[m] GSSGIm] 2 H20[m] ~
Cytoplasm NAD+[m]

Blue colour indicates down regulation of the genes.

Mardinoglu et. al (2017), Mol. Syst. Bio., 13:916
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Clinical variable Baseline After serine  P-value
n=6 n=>6
Liver fat (%) 26.8+6.0 204+7.0 <0.05
Age (years) 56.7+5.2 56.7+5.2 -
Weight (kg) 103.0+14.3 103.0+13.9 -
Body Mass Index (BMI) (kg/m?) 32.5+£2.70  32.5+2.60 -
Alanine aminotransferase (ALT) (U/L) 50.8 +15.2 37.6 £5.3 <0.05
Aspartate aminotransferase (AST) (U/L) 34.5+£8.10 27.4+84 <0.05
Alkaline phosphatase (ALP) (U/L) 763+17.2 71.3+17.9 <0.05
v -Glutamyl transferase (uGT) (U/L) 63.8+129 623+16.3 0.30
Fasting plasma glucose (mmol/L) 6.57+1.41 6.33+1.41 0.25
Fasting plasma insulin (FPI) (pmol/L) 46.3+33.8 34.7+25.2 0.23
HOMA-IR 2.15+1.85 1.54 £ 1.49 0.18
LDL cholesterol (mmol/L) 3.68 £0.80  3.85+0.94 0.50
HDL cholesterol (mmol/L) 1.00 £ 0.21 1.02 £ 0.18 0.30
Plasma triglycerides (TG) (mmol/L) 6.90+6.65 3.63+1.81 0.13
Total cholesterol (mmol/L) 623+149 585+1.15 0.18
Bilirubin (umol/L) 7.33 +4.11 6.48 +3.94 0.13

Mardinoglu et. al (2017), Mol. Syst. Bio., 13:916
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The acute effect of metabolic cofactor
supplementation: a potential therapeutic strategy
against non-alcoholic fatty liver disease

Cheng Zhang™*' @, Elias Bjornson®**', Muhammad Arif*', Abdellah Tebani*{®, Alen Lovric™*3,
Rui Benfeitas™(2, Mehmet Ozcan*(®, Kajetan Juszczak®, Woonghee Kim?*, jung Tae Kim?,
Gholamreza Bidkhori®, Marcus Stahiman®, Per-Olof Bergh®(®, Martin Adiels®, Hasan Turkez®, Metabolic co-factor

Marja-Riitta Taskinen’, Jim Bosley®, Hanns-Ulrich Marschall?, Jens Nielsen*{, Mathias Uhlén*®, supplementation against NAFLD
Jan Borén® ® & Adil Mardinoglu>™ ®

® EMBOpress
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Tolerance to Self-Antigens: Prevent autoimmunity by suppressing
Regulation of Inflammation: Control the intensity and duration of

Immune Homeostasis: Maintain balance and prevent overactive
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Main indications of Treg therapy

Transplant tolerance
Treatment of autoimmune diseases

Treg therapy approaches that have progressed into clinical trials

CAR Treg

Antigen
specific Treg
Endogenous
expansion
Autoimmunity
GvHD
Transplant Rejection

McCallion O et al. Clinical and Experimental Immunology, 2023
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HORIZON-HLTH-2025-STAYHLTH-01-01

"Digital Human Immune System for Personalized

Therapy Design"

Collaboration Concept:

* Develop personalized immune system models using
plasma transcriptomics and metabolomics data
integrated with Al-driven metabolic modeling.

* Combine UK computational expertise (genome-scale
metabolic models, MOFA+ integration) with Korean
cell expansion protocols and EU clinical cohorts and
advanced imaging technologies.

* Create predictive avatars that simulate individual
patient responses to immunotherapies, autoimmune
treatments, and metabolic interventions.

Expected Outcome:

A validated digital human platform for personalized

immunotherapy design, reducing clinical trial failures by

40% and enabling precision medicine forimmune

diseases.

2. Metabolically-Enhanced Multi-Cell Therapy
Manufacturing Platform

HORIZON-HLTH-2025-01-IND-01
"Optimising ATMP Manufacturing"

Establish next-generation manufacturing facilities for
Tregs, CAR-T cells, and therapeutic macrophages using
metabolic optimization principles.

Integrate UK metabolic modeling (fatty acid
supplementation, pathway prediction) with Korean cell
expansion expertise and EU GMP manufacturing facilities
and bioreactor technologies.

Develop Al-driven quality control systems that monitor
and adjust metabolic conditions in real-time during cell
expansion.

Expected Outcome:

50% reduction in manufacturing time, enhanced cell
potency/stability, and standardized protocols for multi-cell
therapy production across Korea-EU facilities.
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