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HEPATIC ENCEPHALOPATHY IN CHILDREN WITH CLD e!?sm

m Daytime fatigue, irritable and aggressive behaviour

m Attention deficit

m Before and after liver transplantation in infants with biliary atresia
m Historically HE - reversible

m Unknowns:

— impact of CLD on the neuro-cognitive and —psychiatric development

— outcomes of children with CLD early in life

— molecular, cellular and morphological underpinnings
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Cudalbu C et al, 2023; McLin VA et al, 2022
© CIBM | Center for Biomedical Imaging



HEPATIC ENCHEPHALOPATHY (HE) :!I'Bm

ype C hepatic encephalopathy

Qumatic Sres T -~ Neuroinﬂammaﬁonf

CNS Oxidative Stress ?

x| Systemic Oxldativestressf
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" .| Inflammation

Neuropsychiatric syndrome — acute or chronic
liver disease (125mil)
Severe loss of quality of life

Motivation

Neurocognitive problems persist in kids after
liver transplantation
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Gilmour et al. 2010, Robertson et al. 2013; Sorensen et al. 2014, Caudle et al 2010; McLin et al, 2022; Ng et al 2014; cristina.cudalbu@epfl.ch
© CIBM | Center for Biomedical Imaging Rackayova et al, 2020; Simicic, et al 2023; D.Simicic, et al Anal Biochem. 2022; Pierzchala, K., et al., Free Radic Biol Med, 2022;
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OFEN Longitudinal osmotic and
neurometabolic changesin young
rats with chronic cholestatic live
disease

ORIGINAL ARTICLE

i
® Neurometabolic changes in a rat pup model of type C hepatic
encephalopathy depend on age at liver disease onset

B

MODEL

Dunja Simicic’ (. Veronika Rackayova'2 - Olivier Braissant - Christian Toso** - Graziano Oldani*® -uamio uesss -
Valérie A. McLin®  Cristina Cudalbu'?
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Longitudinal neurometabolic changes in the hippocampus of a
rat model of chronic hepatic encephalopathy

JOURNAL
OF HEPATOLOGY

Research Article
“Giinatd  Cirrhosis

Brasaanin’,
Valérie A, Main '

Olivier Braissant'"', Veronika Rackayova’, Katarzyna Pierzchala’, Jocelyn Grosse®,
Valérie A. McLin®, Cristina Cudalbu’*
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Animal model of chronic liver disease (CLD)

Developing brain = Adult rats & Pup rats 21 days old (P21) —
corresponding to 9 months old human baby?!

Bile Duct Ligated (BDL) rats (Wistar)

—> recognized by ISHEN? - type C HE

Bile duct

Study design
BDL Sham
2\ N
e BDL surgery e Sham surgery
J J
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Surgical ligation of the bile duct * MRS scan * MRS scan
e Blood sampling Gl e Blood sampling
\ ) y
Development of chronic liver disease ~
* ¢ MRS scan ‘ ¢ N * MRS scan .
Neurological disease ¢ Blood sampling e Blood sampling
. J J
Hepatic Encephalopathy
N
* MRS scan ¢ > * MRS scan
e Blood sampling e Blood sampling
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- in vivo
- non invasive
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Cerebellum

+++ GlIn

T Gin
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scan0 cerebellum

scan8 cerebellum

v

scan0 hippocampus

2x2.8x2mm3

45 4

Spatial memory and spatial information encoding

scan8 hippocampus

Voxel:
2.5x2.5x2.5mm?3

i

'Eemerfor Biomedical Imaging

Spatial navigation
Learning (procedural and motor)
Working memory

Striatum

scan0 striatum

scan8 striatum

Voxel:
2.5%x2x2.5mm3

Control of motor movement
Decision making (motivation and emotions)

cristina.cudalbu@epfl.ch

Pattern separation and context related functions
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DEVELOPING BRAIN DURING TYPE C HE
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Gln % change €@ Cerebelum . ciBm
E 100- €@ Hippocampus 'EenTerforBiUmeditalImaging
b E@ Striatum
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g +173% *¢* GlIn increase is the strongest in cerebellum
100
S +112%
0
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m Brain metabolites — several functions/roles in the brain
m Antioxidant changes: | Asc, 1 GSH in cerebellum

m Energy metabolism:
— 1t lacand | PCr, Cr - Need of multimodal complementary approaches

— Cr, PCr — several roles in the brain
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HE + METABOLISM
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OXIDATIVE STRESS DETECTION

EPR - ex-vivo direct detection of

oxidative stress with spin probe - CMH Immunohistochemistry — ex-vivo

detection of oxidative stress with
specific antibodies

Tissue (i.e., brain, ...), cells lines / 3D organoids, and Oxo-8-dG
body fluids (CSF, blood, plasma, etc.)

_Blood 7uL BRAIN OS /

EEOL ey +43% +a1% +36%
... 3 o= 5 —

Free Radical Biology and Medicine

ELSEVIER

Hippocampus - Intracellular ROS
generation rate (umol/g/min)

Central nervous system and systemic oxidative stress interplay with =
inflammation in a bile duct ligation rat model of type C
hepatic encephalopathy

K. Pierzchala "', D, Simicic “", A. Sienkiewicz ", D. Sessa’, S. Mitrea ", O. Braissant*, V.
A. McLin', R. Gruetter ", C. Cudalbu "

. ; . i i~ Ri . katarzyna.pierzchala@epfl.ch
© CIBM | Center for Biomedical Imaging D.Simicic, et al, Anal Biochem. 2022; Pierzchala, K., et al., Free Radic Biol Med, 2022; yna.p @ep 10



HE + METABOLISM
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18F-FDG PET
CIBM.CH
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ENERGY METABOLISM

18F-FDG PET

Dynamic information on the total glucose uptake
(cerebral metabolic rate of glucose [CMR])

' Lactate

I -
.
Gle<—|—b Glc, «—G6 — 59 -JPyruvate Cr

| 1
I ml'ns - i’ = T TMiochondria ¥
I Acetyl-CoA
BBB N
] !
Glutamine
Glutamate
\4
Cho* ™ wKG GABA

J Mosso, et al, Anal Biochem. 2022
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IN VIVO 1H MR SPECTROSCOPY

NAA
Voxel 2x2.8x2 mm3

T T T T T T T
4.0 3.5 3.0 25 20 1.5 10

Static information on metabolite pools
Metabolites involved in a variety of brain
functions

bernard.lanz@epfl.ch
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GLUCOSE CEREBRAL METABOLIC RATE WITH FDG PET "
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UNIQUE 94T MR/PET SYSTEM @CIBM PCI EPFL
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Plasma FDG Intracellular FDG FDG-6P
K,* ky*
* ﬁ *
Transport C Phosphorylation C
¢ —_— e < m
£ ky*
g
Plasma Glc Intracellular Glc Glc-6P
k
a > CMRg,
—

Cp Transport CE Phosphorylation C
———— —

k, Ky

Metabolic model used to generate 3D metabolic maps
of the cerebral metabolic rate of glucose (CMR).

Quantitative dynamic FDG-PET probes metabolic
reaction rates in vivo with high sensitivity.

First dynamic MR-PET examinations in the rat
brain and body using '8F- FDG
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0.09x0.09x0.8mm3
3min acg/orientation

0.18x0.18x0.3mm?3
15min acq
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APPROACHING THE MICROSCOPY RESOLUTION

i

B ‘emer for Biomedical Imaging

3D ex-vivo datasets — : LBF staining
50um isptropic resolution : :

 Histology-MRI registration
@ and extraction of
quantitative histology
metrics

CIBM | Center for Biomedical Imaging 18



Diffusion Weighted MRI (dMRI)
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‘ Water is not compartment specific

o0

MRI image

- Water T, weighted image

-> Probing the diffusion of
water in different directions

/ \ 4

Assumptions on
underlying biological
De/wm geometry

Daxon,WM‘ L

Water is everywhere!!!

faxon‘WM

DeJ-,WM

- Map of macroscopic anisotropy || - Geometric information

© CIBM | Center for Biomedical Imaging With the help of D Simicic and J Mosso © Q@ cristina.cudalbu@epfl.ch




Magnetic resonance spectroscopy (MRS)

% ciBm
‘ Metabolites_are compartment specific Center for Biomedical Imaging

[Ins] ~ 3x higher in astrocytes compared to neurons?

Tissue . — [tCho] ~ 6x higher in glia compared to neurons?3
compartment ~ ‘| 3 Metabolites are cell specific
v Glial cells ) .
v Neurons [NAA] & [Glu], large consensus mostly in neurons

v' Extracellular
space

- Static information

TH MRS data

(1) Fisher S et al., J Neurochem 2002; (2) Urenjak J et al., J Neurosci. 1993; (3) Le Belle JE et al. NMR Biomed. 2002
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Diffusion Weighted MRS (dMRS)
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SIS, Model fitting c 'Eemerfor Biomedical Imaging
> ADC J Mosso
and 11

»

A (diffusion time)

. — — : v" Cellular morphology
- Metabolite specific geometric information

v' Cytosol viscosity

/ .
| Metabolite = cell-specific information Tortuosity
v Exchange

v' Compartmentation

Palombo et al. Neuroimage 2017; Mosso et al, MRM 2024 & Front Neurosci. 2024; Mougel et al MRM 2022 & J Magn Reson 2022
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Sﬁ,.‘,,?: Chronic HE: Previous work and unknowns
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METABOLIC MAPPING via MRSI §
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3D METABOLIC MAP

[Tau]/[Cr+PCr]

— Time - CS (AF 4, 119min—>28min), 1.19 pL to 0.59 pL
— PSF & Resolution

— Lipid contamination -- Saturation bands
— Post processing

I B B B ENCIETR
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MRS4BRAIN Toolboy,..., 2

https://github.com/AlvBrayan/MRS4Brain-toolbox

https://www.epfl.ch/labs/mrs4brain/ressources/mrs4brain-toolbox/
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CONCLUSION e!ﬁm

enter for Biomedical Imaging

m Novel multimodal imaging approaches and cutting-edge technologies

— Allow to study different aspects of brain metabolism and structure in type C HE in the adult and developing brain

— Available @ CIBM PCI EPFL

m Differential brain regional vulnerability to the disease —cerebellum showing the strongest
changes

m Pivotal role of multimodal approaches combining MRS, MRI, FDG PET, EPR, histology to filling
the current gap in our understanding of type C HE.

— 'H MRS - brain regional and developmental differences

— FDG-PET - clear proof of energy dysfunction

cristina.cudalbu@epfl.ch
© CIBM | Center for Biomedical Imaging 26
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3D organotopic brain cell
cultures

Spheres (< => 0.5 mm)
with all types of brain cells.
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