Histological and molecular characterization of the GAN diet-induced
obese mouse model of advanced MASH with progression to advanced

fibrosis and HCC
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Background & Aim

Metabolic dysfunction-associated
steatohepatitis (MASH) is a leading cause of
liver cirrhosis and hepatocellular carcinoma
(MASH-HCC). However, the molecular
alterations leading to onset of MASH-HCC
are unclear. The present study aimed to
evaluate disease progression in the
translational GAN diet-induced obese (DIO)
mouse model of advanced fibrosing MASH-
HCC (GAN DIO-MASH-HCC mice).

Methods

Male C57BL/6J mice were fed the GAN diet
high in saturated fat, fructose and
cholesterol for 38-72 weeks (n=15 per
group). Mice fed chow for 48-68 weeks
(n=15) served as healthy controls. Terminal
endpoints included Al-assisted Gubra
Histopathological Objective Scoring
Technique (GHOST) for NAFLD Activity
Score and Fibrosis Stage and
histomorphometrics, flow cytometry, tumor
classification by an expert clinical
histopathologist. Bulk RNA sequencing
analysis was performed applying single
sample gene set enrichment analysis
(ssGSEA) and digital cytometry (xCell,
EcoTyper). Transcriptional profiles of murine
MASH and MASH-HCC were compared to
hepatic transcriptomes from human MASH-

HCC patients (n=45, GSE193084).
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Figure 1. Disease progression in GAN DIO-MASH-HCC mice. GAN DIO-MASH-HCC mice show progressive development of severe NASH with Figure 2. Tumor occurrence in GAN DIO-MASH-HCC
advanced fibrosis. Mice were fed the GAN diet for 12-72 weeks (n = 15 per group). Chow-fed mice (n = 10) served as normal controls. (A) model. GAN DIO-MASH-HCC mice show progressive HCC
Study outline and endpoints. Histopathological scores were determined by deep learning-based image analysis using Gubra Histopathological burden. Mice were fed the GAN diet for 12-72 weeks
Objective Scoring Technique (GHOST) for (B) NAFLD Activity Score (NAS), (C) Fibrosis stage, (D) Steatosis score, (E) Lobular inflammation (n =15 per group). Chow-fed mice (n = 10) served as

score, and (F) Hepatocyte ballooning degeneration score.

Study outline and disease progression ‘ Tumor occurrence

normal controls. (A) Tumor occurrence. (B) Tumor burden.

(C) Distribution of tumor burden in the cohort. (D)
Distribution of largest tumor size in the cohort

‘ Tumor molecular classification

Human HCC subclass gene signature
- = I b D

1 Top 20 Hallmark enriched gene sets

A Principal component analysis B
7.5

S1

MTORC1 SIGNALING Bl Cancer-related signalling pathways

" b oin = Metabolism-related path
'_2 HYPOXIA etabolism-related patnways

BILE ACID METABOLISM Inflammation-related pathways
CHOLESTEROL HOMEOSTASIS

* 2| . XENOBIOTIC METABOLISM B Other
P = P53 PATHWAY
@ APOPTOSIS
— ADIPOGENESIS

— ESTROGEN RESPONSE LATE

KRAS SIGNALING UP

25 { @ ) s3 = = = PEROXISOME
COMPLEMENT

EPITHELIAL MESENCHYMAL TRANSITION
INFLAMMATORY RESPONSE

TNFA SIGNALING VIA NFKB

: : : : : : REACTIVE OXYGEN SPECIES PATHWAY
30 20 10 0 10 20 Chow DIO-NASH-HCC UNFOLDED PROTEIN RESPONSE
ESTROGEN RESPONSE EARLY

PC1 (89%) IL6 JAK STAT3 SIGNALING
! N N N

I
0O 5 10 15 20
-Log10(pval)

50 O

1A O

Scaled expression

25 1

@)
@ Chow
00 A

N0

|

PC2 (2%)

||

DIO-MASH HCC [ )

[l

I

(W

o - o

Il

(@]

HCC subclass S1 HCC subclass $2 HCC subclass $3 Figure 4. MASH-linked hepatic gene expression signatures in GAN DIO-
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‘ Tumor immune microenvironment
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Figure 5. Hepatic immune cell composition in GAN DIO-MASH-HCC mice (72 weeks of
GAN diet feeding) as assessed by flow cytometry. (A) GAN DIO-MASH-HCC mice showed
significant expansions in myeloid immune cell populations. (B) Myeloid immune cells
(CD11b+), dominated by increased number of Ly6C++ cells, (C) Enhanced lymphocyte
recruitment to the liver was indicated by specific accumulation of cytotoxic T-cells
(CD8+) (D) The abundance of Kupffer-like macrophages, dendritic-like cells, and Ly6G+
neutrophils. Chow-fed mice served as normal controls (n=10). **p<0.01, ***p<0.001 vs.
Chow (Dunnett’s test one-factor linear model).
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‘ Tumor histological classification
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Figure 3. Histological characterization of tumors in GAN DIO-MASH. (A) Histological staining of liver
neoplastic lesions in GAN DIO-MASH-HCC mice (A) Tumors were typically devoid of lipid droplets,
extensive reticulin trabecular framework and diffuse glutamine synthetase staining, being histological
characteristics of HCC. (B) Ki67 staining of hepatocytes (relative number, %; area, mm2). (C)
Proportionate (%) area of Ki67 in tumor (n =5 HCCs) vs. adjacent non-tumorous (ANT) liver tissue. (D)
Proportionate (%) area of parenchymal CK19 staining. (E) CK19 staining in tumors (n =5 HCCs) vs.
adjacent non-tumorous (ANT) liver tissue. *p < 0.05, ***p < 0.001 versus surrounding tissue (t-test).
Scale bar, 100 pm.
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Figure 6. Digital cytometry of human MASH-HCC
and GAN-DIO-MASH-HCC. (A) Distribution of
carcinoma ecotypes (CE) in human MASH-HCC
tumors n=45 (GSE193084). (B) Distribution of
carcinoma ecotypes (CE) in GAN DIO-MASH-HCC
tumors (n=9), matched ANT (n=9), and age-
matched chow-fed mice (n=10). (C) Carcinoma

ecotypes distribution in human and murine tumors.
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Conclusion

The GAN-DIO-MASH-HCC
mouse spontaneously develops
HCC on the background of
progressive advanced fibrosis

HCC molecular signature in
GAN DIO-MASH-HCC mice
recapitulates poor prognostic

human MASH-HCC and HCC
Immune microenvironment

The translational GAN DIO-
MASH-HCC mouse model is
highly applicable for profiling
novel drug therapies targeting
NASH-HCC, including first-line
immune checkpoint inhibitor
therapies
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