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Paris MASH Meeting
(11-12 juillet 2019)

Kim et al (2021) Int. J. Mol. Sci., 22(9): 4495

Kim et al (2022) Met. Target Organ Damage, 2: 19

NASH 
(now MASH)

NALFD (now MASLD)

18-30 yo
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Metabolic dysfunction–associated steatotic liver disease (MASLD)



  

Cohort

ABOS subset: Only European 
ancestry and unrelated individuals

(+66 clinical and personal data
+1076 identified metabolites 

in blood and liver)

 ABOS (Biological Atlas of Severe Obesity)

PreciNASH
project

All subjects had 
bariatric surgery

ABOS and PreciNASH



  

Biological and clinical variables

Among 66 available, ignoring redundant, overlapping, and irrelevant ones



  

Scoring on liver biopsy with the method from Kleiner and Brunt 2005

Steatosis 
Categorical [0-3] from 
quantitative measurement

Ballooning 
Categorical [0-2]
= {none, some, much}

Inflammation 
Categorical [0-3] from 
number of foci

Final score:

Healthy:S = 0, B = 0, I = 0 n = 80

NAFL: S > 1, B = 0, I ≥ 1 n = 137
S > 1, B > 1, I = 0

NASH: S > 0, B > 0, I > 0 n = 83

Subject grouping



  

severity

age

Clinical 
data

16 clinical variables
+ sex
+ age



  

severity

age

Logistic regression
to find the thresholds
best separating the 
severity groups

Score based on
gene expression
and gene “loadings”
(impact of a gene
on a given principal
component)

RNA-seq

100+100 genes



  

severity

age

Before correction
for age

After correction
for age

130+130 CpGs
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13 layers; 25 000 parameters
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Clinical data

Multi-module MLP
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1 - specificity 1 - specificity

How good is the model to distinguish NAFL and NASH?Performance on validation set: AUC > 0.9 for NAFL and NASH



Performance of the different modules



Peeping in the black box: RNA-seq is key

The weights reading the RNAseq module 
are larger → most impact on output

# 1model # 2# 1 # 3 # 4 # 5
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AI models are not (always) black boxes
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severity activations

Peeping in the black box: RNA-seq is key



RNA-seq: recognises the 3 conditions

Methylation: continuum of severity

Exploring latent spaces of each module



Clinical data: several populations 
See Raverdy et al. Nat Med 30:3624–3633 (2024)

RNA-seq: recognises the 3 conditions

Methylation: continuum of severity

Exploring latent spaces



What are the genes taken into account by the models?
New
genes“synaptic weights” |Weight|

Known involvment
in fatty liver

stéatose
simple

foie
sain

stéato-
hépatite

What are the genes taken into account by the models?



Inferred gene network

RNA-seq dataset

Inference with CLR+GENIE3
(584 358 193 non-zero edges)

Only interactions involving 
our 200 genes

(3 162 288 interactions)

Knee method
(1 698 inteaction)

inflammation

fibrosis
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