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INTRODUCTION

NASH progression and fibrosis can vary widely
between humans and rodent models, making
pre-clinical validation difficult and costly.

In addition, the current models use artificial

Human hepatocytes with the PNPLA3 mutation
were able to repopulate FRG KO/NOD livers up
to 95%. Both control and NASH-induced liver-

humanized animals remained highly repopulated

MODEL DEVELOPMENT

A human-like LDL/HDL ratio profile (>1.6) was
observed in liver-humanized mice compared to
WT mice3. The lipid levels of humanized mice on
HFD were higher than in humanized controls on

Humanized mice on control diet did

not exhibit NAFLD or NASH pathology.

GENE EXPRESSION ANALYSIS OF THE LIVER-HUMANIZED FRGN KO
NASH MOUSE MODEL

Lander Foquet!, Bin Li2, Edward Henson', Robert Copenhaver!, Markus Grompe1-2.

THE LIVER MEETING®

Hepatocyte ballooning and fibrosis are
enhanced, and Mallory bodies occur.
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CONCLUSION

FRG KO mice repopulated with human M148I
PNPLA3 hepatocytes and fed an HFD
developed key aspects of NASH. Unlike current

means to induce only specific components of th f the stud lar diet = SO = ' rodent models, the blood lipid profiles closely
over the course of the study. regular diet. = Yo « e %l . .
the disease. These manipulations do not target _ S § & Ir—leiztecsrobliecil tzcr)\;e silsn srrlll:)r\?vzgs ti:/nvghdeN‘eAnI:jLelz:c
the biological pathways that contribute to Bodyweight and liver to bodyweight ratios £ = WP Jici y - P Ip ey
disease progression and are the targets of increased in humanized mice on HFD compared  } = veenes | s progressive accumu ation of typica LN
pharmacological intervention in humans. to those on the control diet (controls). : | o B . features. Similarlyy, GSEA showed a similar
o . : Simple steatosis is pronounced at 8 Collagen deposition within the overlap between liver-humanized mice on HFD
? o S I ] weeks after starting HFD. hepatic sinusoids is apparent. and NASH patients
3 3'_ s e k) control 8 12 16 20  control ‘:ee s1:n 16 20 control 8 12 16 20 - - | L N — ) - : 4' - | . | |
. = + ; JL + & on D '_{/“\—w R L Sy A These results suggest that liver-humanized
E 2 Y 7 > Gy m (T w O L s * . .
AlM <, o s S e N e s W S FRG KO mice fed an HFD may be a superior
Z awo§ : g w (oS e s - .. P model for NASH.
'c 1000 " Cholesterol 7 : =ty <o W s GRS
- . . — T 78— 5 S SR e L DA As a proof-of-concept, FRG KO mice were
-1 3 7 11 15 19 control 8 12 16 20 ® L e B o SR 0 :
Building on the liver-humanized FRG KO o . : o e : R e o P_ P |
model’, we previously established an in vivo . ] e | dosed with MGL-3196. Steatosis was reduced
NAFLD/NASH model, using only a diet with  ,oualy., no adverse eflects were observed as shown by a significant reduction in the NAS
high Ievels Of fraqo Seu, al:'SIgng(r:]h):)lsstelﬁ)l Vav:']d between mice fed the control diet or HFD. g 100 Hepatocyte ba"ooning and perivenu|ar/ y g
Wghou't addlthnél gChém|C8| |nducers or g’ control 8 12 16 20 control 8 12 16 20 control 8 12 16 20 perice”UIar ﬁbrOSiS become eVident. Bl‘ldglng fibrOSiS iS Clear. score.
nutritional deficiencies By gross pathology, humanized livers progressed weeks on HFD o a—— ——
We transplanted mi(;e with a homozygous to a highly fatty state during the study. N = Vo0 ;‘\ 5 o |
M148| PNPLA3 donor to Study the importance Control  Week8 Week12 Week16 Week20 Week 24 = e P <‘ X SER BT FRG MODEL BAC KG ROUN D
of specific genotypes on the development of ' 7~ s R ol e s P eSS
NASH. - L e FA o |
. AR FRG KO mice have a knockout of the Fah,

MATERIAL & METHODS

FRG KO/NOD mice were transplanted with
human hepatocytes from a female donor
homozygous for the G allele on the minus
strand of rs738409 in PNPLA3. This M148I
variant is significantly associated with a high
risk of NASH development?.

After near complete repopulation of the liver
with human hepatocytes (13 weeks), three
animals per group/time point received either a
control diet (5LJ5) or a diet with 40 kcal% Fat
(soybean oil and Primex), 20 kcal% fructose,
and 2% cholesterol (HFD; A16091202 from
Research Diets).

RNAseq was performed and human and
mouse transcripts were separated Iin silico.
Gene Set Enrichment Analysis (GSEA)
revealed which functional pathways changed
by the HFD.

As a proof-of-concept for treatment, liver-
humanized FRG KO mice repopulated with
hepatocytes carrying the PNPLA3 mutation,
were dosed with MGL-3196 for eight weeks (6
animals dosed, 4 controls).

RNAseqg ANALYSIS

GSEA showed transcriptomic changes in control liver-humanized mice and animals receiving
HFD for 12 weeks (purple) or 16-24 weeks (red). The derangement is intermediate by week
12 and severe at the later timepoints. These results were comparable to human RNAseq data
from controls vs NAFLD or NASH4. in contrast, murinized control mice fed the HFD do not
overlap with human or liver-numanized mouse data (not shown).
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INTERVENTION STUDY RESULTS

Madrigal compound QD 8 weeks

MGL-3196 is a thyroid hormone receptor (THR) B-selective agonist.

Pre-clinical, toxicology, Phase 1 and Phase 2 clinical data suggest MGL-3196 has a good
profile as a treatment for NASH and dyslipidemias. Patients treated with MGL-3196 achieved
a two-point reduction in NAS (NAFLD activity score) on biopsy and had sustained, significant
reductions in liver fat.

Liver-numanized FRG KO mice were dosed with 10mg/kg MGL-3196 for 8 weeks.
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Animals dosed with MGL-3196 showed a smaller liver compared to control animals on HFD:
liver to body weight ratio of 10.3% vs 15.7% for control (p=0.0003).

Blood LDL was reduced by 14.3% vs control. Triglycerides were reduced by 35.4%.

NAS (NAFLD activity score) reduced from 4.25 to 2.17 in treated vs control animals. This was
mainly due to a reduction in liver fat (steatosis).

Fibrosis was not affected by the treatment and ranged from mild to perivenular/ pericellular
(score 1 to 2).

Rag2, and ll2rg genes. Fah deficiency Kills
mouse hepatocytes, while the Iimmune
deficiency (Rag2 and IL2rg) allows the mice to
be rescued with hepatocytes from any species
including human. Hepatocytes from nearly any
donor of interest can be engrafted in FRG
mice, including those with specific genotypes.
Liver-humanized animal models are useful for in
vivo studies in many application areas including
infectious diseases, NAFLD/NASH, gene
editing/therapy, metabolism, and toxicology.
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