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A MOUSE MODEL OF NONALCOHOLIC STEATOHEPATITIS AND USES THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to and the benefit of the filing date of U.S. Provisional
Application No.: 62/240,223 filed October 12, 2015, the disclosure of which is hereby

incorporated by reference herein in its entirety.

FIELD OF THE INVENTION
[0002] This disclosure relates to the development of a genetically unique organism, namely
an isogenic mouse strain that develops liver steatosis, fibrosis, steatohepatitis, cirrhosis and

hepatocellular carcinoma when fed a Western diet.

SEQUENCE LISTING

[0003] This document incorporates by reference a sequence listing text file submitted with
this application on CD-ROMSs in ASCII text format. The text file is named
02941029TAseqlisting.txt, is 2.58 gigabytes, and was created on May 4, 2016.

BACKGROUND OF THE INVENTION

[0004] Nonalcoholic fatty liver disease (NAFLD) has emerged as the leading cause of
chronic liver disease in North America and most parts of the Western world’. It has two principal
phenotypes i.e. a fatty liver and steatohepatitis’. Nonalcoholic steatohepatitis (NASH) is the
more aggressive form of the disease and is expected to surpass hepatitis C virus infection as
the leading etiology for hepatocellular cancer (HCC) and end-stage liver disease requiring liver
transplantation®. Of great concern, a large proportion of NASH-related HCC occur in the
absence of cirrhosis, the traditional risk factor for HCC*®. The growing prevalence of obesity
and NASH underlies the rising incidence of HCC6. There is currently no approved therapy for
NASH. Also, the initial promise of highly effective chemopreventive and therapeutic agents for
HCC has not been realized.

[0005] The lack of a preclinical model for NASH that recapitulates the human disease is a
barrier to therapeutic development. While a large number of models have been described’ ",
their utility for preclinical identification of treatment targets and response to various interventions
for drug development is limited. This is partly related to the diversity of molecular mechanisms
that can induce fat accumulation in hepatocytes. Also, most models do not develop classical
steatohepatitis that resembles the human disease’'*. Most models also do not develop
progressive fibrosis. Some models are also not associated with insulin resistance, e.g. the
methionine and choline deficient (MCD) diet’, while others require ablation of pancreatic beta

cells """, Besides not developing typical liver lesions, the substantially different hepatobiliary
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physiology of rats render rat-based models suspect. While the Ossabaw pig model comes close
to mimicking human disease'®, this is an expensive model and does not lend itself easily to
gene manipulation to study the role of specific genes in disease pathogenesis. This lack of a
viable model to test drugs in a preclinical setting before launching into expensive human trials is
a deterrent for therapeutic development for NASH.

[0006] Similarly, there is a paucity of animal models for HCC that closely resemble human
HCC. Most models require genetic manipulation or use of specific carcinogens and are thus at
variance from the human condition **. As with NASH, the shortage of animal models for HCC
remains a barrier for development of preventive and therapeutic strategies.

[0007] An ideal preclinical model for NASH and NASH-related HCC should be relatively
simple, triggered by the same causes as human disease (caloric excess), associated with the
same risk factors as in humans (obesity, insulin-resistance and dyslipidemia), and it should
match human disease with respect to metabolic features, histology, outcomes, gene expression
signature, lipid accumulation and activation of pathways relevant in humans. Importantly, it
should also recapitulate the various stages of human disease. The development of HCC should
also be triggered by the disease state and not by administration of a chemical carcinogen. Thus,
a diet-induced animal model of nonalcoholic fatty liver disease was designed and invented to
address this need for a better research tool that met all of the above criteria.

SUMMARY OF THE INVENTION

[0008] The invention provides a murine animal model in which the development of NASH,
NASH-related HCC, and other related disorders, is successfully mimicked. Significantly, the
development of disease in the mouse does not rely on administering a chemical agent, but
rather on providing the animal with a “Western style” diet that is high in fat and/or sugars. The
mouse develops obesity, insulin-resistance and dyslipidemia and is a good match for human
disease with respect to metabolic features, histology, outcomes, gene expression signature,
lipid accumulation and disease activation of pathways related to disease development.
Significantly, the mouse reproduces normally and is isogenic, i.e. the offspring consistently and
reproducibly exhibit the same phenotype and disease profiles as the parents.

[0009] Accordingly, provided herein is a viable and fertile mouse, and offspring thereof,
whose genome comprises SEQ ID NO:1. In some embodiments, administration of a high-fat
and high-sugar diet causes development of one or more disease conditions selected from the
group consisting of steatosis, fibrosis, steatohepatitis, cirrhosis, hepatocellular carcinoma,

obesity, insulin resistance, and dyslipidemia.
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[0010] Another aspect of the invention provides a method of inducing development of
hepatic steatosis, progressive hepatic fibrosis, steatohepatitis, hepatocellular carcinoma, or a
disorder associated with metabolic syndrome in a mouse whose genome comprises SEQ ID
NO:1 comprising the steps of:
a. administering to said mouse a diet comprising standard mouse chow and water
for at least the first 8 weeks after birth,
b. discontinuing administration of the diet comprising standard mouse chow and
water when the mouse is at least 8 weeks old, and,
c. further administering to the at least 8 week old mouse a diet comprising high-fat
mouse chow and sugar water for a duration of at least 4 weeks.
[0011] In some embodiments, the diet administered in step (c) is administered for at least 4
weeks and hepatic steatosis is induced. In other embodiments, the diet administered in step (c)
is administered for at least 16 weeks and progressive hepatic fibrosis is induced. In other
embodiments, the diet administered in step (c) is administered for at least 12 weeks and
steatohepatitis is induced. In other embodiments, the diet administered in step (c) is
administered for at least 32 weeks and hepatocellular carcinoma is induced. In other
embodiments, the diet administered in step (c) is administered for at least 4 weeks and at least
one disorder associated with metabolic syndrome is induced.
[0012] The metabolic syndrome that is induced in the methods of the invention includes, but
is not limited to, impaired glucose tolerance, whole body insulin resistance, hepatic insulin
resistance, muscular insulin resistance, adipose tissue insulin resistance, incretin abnormalities,
hyper-insulinemia, impaired glucose disposal rate, obesity, dyslipidemia, cardiovascular
disease, atherosclerosis, microvascular disease, and kidney disease.
[0013] Another aspect of the invention provides a method for screening a compound for the
prevention or treatment of a disorder selected from the group consisting of hepatic steatosis,
progressive hepatic fibrosis, steatohepatitis, hepatocellular carcinoma, and a disorder
associated with metabolic syndrome in a mouse whose genome comprises SEQ 1D NO:1
comprising the steps of:
a. administering to said mouse a diet comprising standard mouse chow and water
for at least the first 8 weeks after birth,
b. discontinuing administration of the diet comprising standard mouse chow and
water when the mouse is at least 8 weeks old,
c. further administering to the at least 8 week old mouse a diet comprising high-fat

mouse chow and sugar water for a duration of at least 4 weeks,
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d. administering said compound concurrent with step (c) or after step (c), and
e. determining the effect of the compound on said disorder relative to a mouse not
treated with the compound.

[0014] In some embodiments, the diet administered in step (c) is administered for at least 4
weeks and hepatic steatosis is induced. In other embodiments, the diet administered in step (c)
is administered for at least 16 weeks and progressive hepatic fibrosis is induced. In other
embodiments, the diet administered in step (c) is administered for at least 12 weeks and
steatohepatitis is induced. In other embodiments, the diet administered in step (c) is
administered for at least 32 weeks and hepatocellular carcinoma is induced. In other
embodiments, the diet administered in step (c) is administered for at least 4 weeks and a
disorder associated with metabolic syndrome is induced.
[0015] In some embodiments, the disorder associated with metabolic syndrome that is
induced includes, but is not limited to, impaired glucose tolerance, whole body insulin
resistance, hepatic insulin resistance, muscular insulin resistance, adipose tissue insulin
resistance, incretin abnormalities, hyper-insulinemia, impaired glucose disposal rate, obesity,
dyslipidemia, cardiovascular disease, atherosclerosis, microvascular disease, and kidney
disease.
[0016] Another aspect of the invention provides an in vivo model system for at least one
condition selected from the group consisting of hepatic steatosis, progressive hepatic fibrosis,
steatohepatitis, hepatocellular carcinoma, and a condition associated with metabolic syndrome
comprising a viable and fertile mouse whose genome comprises SEQ ID NO:1, wherein said at
least one condition is induced by administering to said mouse a diet comprising standard mouse
chow and water for at least the first 8 weeks after birth, discontinuing administration of the diet
comprising standard mouse chow and water when the mouse is at least 8 weeks old, and
further administering to the at least 8 week old mouse a diet comprising high-fat mouse chow
and sugar water for a duration of at least 4 weeks.
[0017] A further aspect of the invention provides a use of an in vivo model system according
to claim 17 for: the study of at least one condition selected from the group consisting of hepatic
steatosis, progressive hepatic fibrosis, steatohepatitis, hepatocellular carcinoma, and a
condition associated with metabolic syndrome, or in vivo screening or testing of the efficacy of

candidate drugs for the treatment of a condition recited in a).
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BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Figure 1A-H. Mice fed a high fructose/glucose, high fat Western Diet (WD SW)
develop obesity, liver injury, dyslipidemia and insulin resistance. (a) Body weight change from
mice fed a chow diet (CD NW) or high fructose/glucose, high fat Western Diet (WD SW) across
the 52 week-time period. (b) Liver weight, (c) serum ALT and AST levels, (d) serum cholesterol,
LDL-c and triglycerides levels, (e,f) insulin tolerance test (ITT) and (g,h) glucose tolerance test
(GTT) were assessed on CD NW or WD SW mice at 8 or 52 weeks of diet. Data are expressed
as the mean + SEM for 6-10 mice per group; *P < 0.05 and **P < 0.001, WD SW (top line)
compared to CD NW (bottom line).

[0019] Figure 2A-C. Mice fed a high fructose/glucose, high fat Western Diet (WD SW)
sequentially develop a fatty liver, steatohepatitis, advanced fibrosis and liver tumors. (A) Gross
liver from mice fed a chow diet (CD NW) or high fructose/glucose, high fat Western Diet (WD
SW) for 8 (a-b), 16 (c-d) and 52 weeks (e-f). In mice fed a high fat Western Diet for 52 weeks,
multiple foci of tumors were observed at the time of necropsy (h-j) as compared to CD NW mice
(9); areas of hemorrhage were seen in larger tumors (l). (B.C) Microscopic views of livers from
CD NW or WD SW mice at 8 (a-d), 16 (e-h) or 52 weeks (i-l) of diet. Representative liver
sections stained with hematoxylin-eosin (H&E) (B) or picosirius (C) are shown. Original
magnification, x5 (a-b, e-f, i-j) and x20 (c-d, g-h, k-1). WD SW mice liver display both
macrovesicular and small droplet steatosis at 8 weeks (b,d). At 16 weeks, WD SW mice develop
steatohepatitis with predominantly macrovesicular steatosis, hepatocelullar ballooning, foci of
inflammation and well-established perisinusoidal fibrosis (f.h). At 52 weeks, aggressive
steatohepatitis is present in WD SW mice with extensive bridging fibrosis with early nodule
formation (j,1).

[0020] Figure 3A-B. Mice fed a high fructose/glucose, high fat Western Diet (WD SW)
develop the most florid macrovesicular steatosis, lobular inflammation and hepatoceliular
ballooning, apoptotic bodies and occasional Mallory-Denk bodies. (A) Representative images of
hematoxylin-eosin (H&E) staining of liver tissue from mice fed a high fructose/glucose, high fat
Western Diet (WD SW) for 52 weeks depicting the individual component of steatohepatitis (as
indicated by arrow): (a) hepatocyte ballooning, (b) Mallory-Denk bodies, (c) lobular inflammation
and (d) apoptotic bodies. Original magnification, x40 (B) Histology score for steatosis,
hepatocyte ballooning, lobular inflammation, NAFLD Activity Score, fibrosis and Collagen
Proportional Area (CPA) were quantified on histologic liver sections from mice fed for 8 or 52
weeks either a chow diet (CD NW), a high fructose/glucose diet (CD SW), a high fat Western
Diet (WD NW) or a high fructose/glucose, high fat Western Diet (WD SW). Data are expressed
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as the mean = SEM for 6-10 mice per group; *P < 0.05, CD SW, WD NW or WD SW compared
to CD NW.

[0021] Figure 4A-F. Activation of signaling pathways relevant in human NASH in the liver of
mice fed a high fructose/glucose, high fat Western Diet (WD SW). (A) Whole cell lysates were
prepared from liver tissue from mice fed a chow diet (CD NW) or high fructose/glucose, high fat
Western Diet (WD SW) for 8 or 52 weeks. Immunoblot analysis were performed for Fatty Acid
Synthase (FAS)-N, phosphorylated and total Acetyl-CoA Carboxylase (p-ACC and t-ACC),
phosphorylated and total JNK (p-JNK and t-JNK), phosphorylated and total p42/p44 (p-p42/p44
and t- p42/p44), PUMA, BIM and caspase-3 (C3) displaying cleaved caspase-3 product p18.
The cleaved form of C3 was only visualized after long exposure times. B-actin was used as a
control for protein loading. Bands were cut and combined from the same radiograph. (B-F)
Transcriptome analysis using the lllumina mouse WG6 Expression BeadChip kits (lllumina) was
performed on liver tissues from CD NW or WD SW mice after 8 weeks of diet (n=5 per group).
The data are presented as: (B) volcano plot of changes in gene expression levels and genes
that are significantly up- or down-regulated; (C) Heatmap demonstrating deregulated genes in
WD SW versus CD NW mice. High and low gene expression are indicated. (D) Gene ontology
(GO) processes; (E) Gene set Enrichment Analysis (GSEA); and (F) Process Networks
analysis. The top rank ordered processes, maps and networks are based on statistical
significance.

[0022] Figure 5A-H. Hepatic gene expression dataset in mouse fed a high fructose/glucose,
high fat Western Diet (WD SW) for 52 weeks concords with a human liver cirrhosis and NASH-
associated gene signature. Transcriptome analysis using the lllumina mouse WG6 Expression
BeadChip kits (lllumina) was performed on liver tissues from CD NW or WD SW mice after 52
weeks (A-H) and 8 weeks (H) of diet (n=5 per group). (A) Gene ontology (GO) processes; (B)
Gene set Enrichment Analysis (GSEA); (C) Process Networks analysis. The top rank ordered
processes, maps and networks are based on statistical significance. (D) Volcano plot of
changes in gene expression levels and genes that are significantly up- or down-regulated are
indicated; (E) Heatmap demonstrating deregulated genes in WD SW versus CD NW mice. High
and low gene expression are indicated. (F-G) A 186-gene signature (73 poor prognosis-
correlated (F) and 113 good prognosis-correlated (G) genes) prognostic in liver cirrhosis and
HCC patients with mixed etiologies was strikingly induced in the livers of WD SW 52 weeks
mice by GSEA. NES, normalized enrichment score; FDR, false discovery rate. (H) Similarity of
global liver transcriptome of mice fed a high fructose/glucose, high fat Western diet (WD SW) for

8 or 52 weeks with human NASH. Global liver transcriptome in liver biopsy tissues from 18
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human NASH patients and 41 normal/healthy obese individuals was compared to WD SW mice
using Subclass Mapping algorithm. Striking similarity between WD SW-fed mice and human
NASH was observed for 8 weeks and 52 weeks. Numbers on the heatmaps indicate FDR
values for the transcriptome similarity.

[0023] Figure 6A-G. Tumors gene signature in mice fed a high fructose/glucose, high fat
Western Diet (WD SW) for 52 weeks. (A) Microscopic views of adenomas (a,b,c) and
hepatocarcinomas (HCC) tumors (d,e,f) from WD SW mice at 52 weeks of diet. (a) adenoma,
(hematoxylin-eosin (H&E), original magnification, x2.5); (b cords of hepatocytes with mild atypia
and trabecular organization (H&E, original magnification, x20); (c) unpaired artery between
hepatocytes with mild anisocaryosis (H&E, original magnification, x40); (d) a basophilic well-
demarcated tumor with a satellite nodule and with steatosis in the background liver (H&E,
original magnification, x2); (e) interface between malignant tumor (top half) and non-tumoral
liver. The lobules of tumoral cells show marked anisocaryosis, eosinophilic cytoplasm, irregular
basophilic nuclei and loss of sinusoidal architecture (H&E, original magnification, x40); (f)
satellite nodules made of clusters of tumoral cells (arrow) and dysplastic foci with multinucleated
irregular hepatocytes (arrow) (H&E, original magnification, x20). (B-G) Transcriptome analysis
using the lllumina mouse WG6 Expression BeadChip kits (lllumina) was performed on liver
adjacent to tumors (WD SW) or tumor tissue (HCC) from WD SW mice after 52 weeks of diet
(n=5 per group). (B) Gene signatures of human HCC subclasses S1, S2, and S3 were analyzed
in WD SW-induced HCCs in comparison to non-tumor livers from WD SW mice at 52 weeks.
Gene Set Enrichment Analysis (GSEA) revealed significant induction of S1 and S2 subclass
signatures in WD SW-induced HCCs. The induction was relatively stronger for S1 subclass
which was associated with steatohepatitic HCC variant. (C) Volcano plot of changes in gene
expression levels and genes that are significantly up- or down-regulated are indicated; (D)
Heatmap demonstrating deregulated genes in WD SW-induced tumors (Tumors) versus tissues
adjacent to tumors from WD SW mice at 52 weeks (WD SW). high and low gene expression are
indicated; (E) Gene ontology (GO) processes; (F) Gene set Enrichment Analysis (GSEA); and
(G) Process Networks analysis. The top rank ordered processes, maps and networks are based
on statistical significance.

[0024] Figure 7A-B. WD SW mice develop steatosis. (A,B) Representative Oil O-stained
liver cryostat sections from livers from WD SW mice at 52 weeks of diet. Original magnification,
x10.

[0025] Figure 8A-B. Florid steatohepatitis induced by a high fructose/glucose, high fat

Western diet (WD SW) for 52 weeks presented with macrovesicular steatosis, lobular
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inflammation and hepatocellular ballooning and occasional Mallory-Denk bodies. Additional
representative images of hematoxylin- eosin (H&E) staining of liver tissue from mice fed a high
fructose/glucose, high fat Western diet (WD SW) for 52 weeks depicting (A) extensive
macrovesicular steatosis, focal hepatocellular ballooning (arrows) and lobular inflammation
(arrows) and (B) Mallory-Denk bodies were noted (arrows). Original magnification, x20.

[0026] Figure 9. Florid steatohepatitis and fibrosis develops in mice fed a high
fructose/glucose, high fat Western Diet (WD SW) for 16 weeks. Histology score for steatosis,
hepatocyte ballooning, lobular inflammation, NAFLD Activity Score, and fibrosis were quantified
on histologic liver sections from mice fed for 16 weeks either a chow diet (CD NW), a high
fructose/glucose diet (CD SW), a high fat Western Diet (WD NW) or a high fructose/glucose,
high fat Western Diet (WD SW). Data are expressed as the mean + SEM for 5-9 mice per
group; *P < 0.05, WD SW compared to CD NW.

[0027] Figure 10A-B. Only the combination of high fructose/glucose diet with a high fat
Western diet (WD SW) sequentially induce a NASH phenotype with macrovesicular steatosis
and advanced fibrosis. (A-B) Microscopic views of livers from mice fed for 8 or 52 weeks either
a chow diet (CD NW) (a,e,i,m), a high fat Western diet (WD NW) (b,f,j,n), a high
fructose/glucose diet (CD SW) (c,g.k,0) or a high fructose/glucose, high fat Western diet (WD
SW) (d,h,1,p). Representative liver sections stained with hematoxylin-eosin (A) or picosirius (B)
are shown. Original magnification, x5 (a-d, i-l) and x20 (e-h, m-p). WD SW mice develop the
most florid steatohepatitis and progressive fibrosis.

[0028] Figure 11A-C. Top rank Gene Set Enrichment Analysis based on statistical
significance in mice fed a high fructose/glucose, high fat Western diet (WD SW) for 8 weeks. (A)
Blood coagulation pathway. (B) Cytoskeleton remodeling-TGF,WNT and cytoskeletal
remodeling. (C) LRRK2 in neurons in Parkinson’s disease. Pathways maps were visualized
using the MetaCore pathway analysis suite (Thomson Reuters, New York, NY). Experimental
data from all files is linked to and visualized on the maps as thermometer like figures. Up ward
thermometers indicate up regulated signals and down ward ones indicate down regulated
expression levels of the genes.

[0029] Figure 12A-B. Hepatic adenoma in mice fed a high fructose/glucose, high fat
Western diet (WD SW) for 52 weeks. (A-B) Additional microscopic views of livers from WD SW
mice at 52 weeks of diet. Liver sections stained with hematoxylin-eosin (A) or trichrome (B)
depicting a well-delineated benign hepatic adenoma. Original magnification, x2.5.

[0030] Figure 13A-C. Top rank Gene Set Enrichment Analysis based on statistical
significance in mice fed a high fructose/glucose, high fat Western diet (WD SW) for 52 weeks.
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(A) Androstenedione and testosterone biosynthesis and metabolism p.1/rodent version. (B) Role
of ZNF202 in regulation of expression of genes involved in atherosclerosis. (C) Oxidative
stress_Role of IL-8 signaling pathway in respiratory burst. Pathways maps were visualized
using the METACORE™ pathway analysis suite (Thomson Reuters, New York, NY).
Experimental data from all files is linked to and visualized on the maps as thermometer like
figures. Upward thermometers indicate up-regulated signals and down ward ones indicate

down-regulated expression levels of the genes.

DETAILED DESCRIPTION

Described herein is a novel murine animal model with utility for the study of the
development and treatment of disease conditions resulting from Western diet, and particularly
liver disorders arising in humans. This new Diet-Induced Animal Model of Nonalcoholic fatty
liver Disease (DIAMOND'™) mouse model comprises an isogenic strain derived from a cross of
two common mouse strains, 129S1/SvimJ and C57Bl/6J where a simple high fat diet
accompanied by ad lib consumption of water with a high fructose and glucose content (Western
Diet sugar water (WD SW)) sequentially induces steatosis, steatohepatitis, progressive fibrosis
and HCC. The mouse genome has the genetic sequence SEQ ID NO:1. In exemplary
embodiments, the mouse has a genetic sequence that comprises or consists of a sequence at
least 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 100% identical to SEQ ID NO:1.
[0031] The inventors observed that, in the original non-isogenic cross-bred mice,
129S1/SvimJ:C57BI/6J cross mice (termed 129/B6), a small percentage developed insulin
resistance, obesity and liver pathology similar to humans when fed a Western diet. However,
these heterogenous 129/B6 progeny do not have utility as a model of human disease because
they are not isogenic and all of the mice do not consistently develop the pathology in response
to the trigger (being fed a Western diet). Therefore, the inventors selectively bred the progeny
by crossing mice that did develop the disease conditions to one another. After many
generations were crossed over a period of years, a strain was obtained in which the histological
phenotype of steatohepatitis was obtained consistently when the mice were fed the trigger diet.
The mice were confirmed to be isogenic and the genetic sequence of the genome was
determined (SEQ ID NO:1).
[0032] In some aspects, the mice of the invention are fed a high fat, sugar water diet in
order to induce one or more diseases or conditions of interest. As used herein, “’high fat” refers
to food (e.g. rat chow) with a fat content of at least 42 energy% and 0.2% cholesterol. The chow

diet typically contains about 5.8% fat. The Western diet may contain about 12.8% saturated fat.



WO 2017/065833 PCT/US2016/031155

The presence of saturated FFA and cholesterol is important for disease progression into
steatohepatitis. As used herein, “sugar water” refers to an aqueous solution comprising at least
about 23.1g/L d-fructose + 18.9 g/L d-glucose of a “sugar” or sugar source such as glucose,
fructose, sucrose, high fructose corn syrup.

[0033] The DIAMOND'™ mouse has great utility as a research tool. The pattern of gene and
protein expression can be studied during development and progression of the diseases from
steatosis, to steatohepatitis, progressive fibrosis, cirrhosis, and hepatocellular carcinoma. Other
comorbidities other than liver disease can be studied using this model, including various
components of metabolic syndrome. Metabolic syndrome is recognized in the art as a
constellation of associated disorders or conditions which are characteristic of metabolic
syndrome. Non-limiting examples of disorders included in this group include impaired glucose
tolerance, whole body insulin resistance, hepatic insulin resistance, muscular insulin resistance,
adipose tissue insulin resistance, incretin abnormalities, hyper-insulinemia, impaired glucose
disposal rate, obesity, dyslipidemia, hypercholesterolemia, hypertriglyceridemia, cardiovascular
disease, macrovascular disease, atherosclerosis, microvascular disease, and kidney disease.
[0034] Thus the model may be exploited to discover the metabolic pathways that are
actively involved in the development of the constellation of diseases discussed above.
Experiments can be designed using the new mouse model to discover treatments that interrupt
the disease process and halt disease development, and/or to treat or reverse already developed
diseases. The model is particularly useful as a screening tool for new compounds in pre-clinical
drug development. Specifically, mice may be dosed with compounds or drugs at any point
during the development of any of the disease conditions to determine if the compound or drug
has therapeutic value. In particular, if symptoms of disease or other disease markers increase
or stay the same after administration of the compound or drug as compared to a suitable control
mouse (e.g. an isogenic mouse that is fed the same diet but does not receive the compound or
drug), then the compound or drug is determined to be ineffective. Alternatively, if symptoms of
disease or other disease markers decrease after administration of the compound or drug as
compared to a suitable control mouse, then the compound or drug is determined to be
therapeutically effective. Because the physiology and pathology of the DIAMOND'™ mouse
closely resembles the physiology and pathology of humans during disease development,
compounds or drugs that prevent or treat disease in the mice are more likely to be effective in
human clinical trials. Thus, use of the mice as a screening tool will speed up the pre-clinical
drug development process and enable better decision-making regarding which compounds or

drugs should advance to human clinical trials.
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[0035] It will be appreciated that although the methods in this application are directed
primarily towards dosing the DIAMOND'™ mice with compounds or drugs to prevent or treat
disease, these are non-limiting examples and the utility of the mice extends beyond
pharmaceutical screening purposes. Additionally, while the dietary regime described herein
comprises allowing the mice to “grow up” on a normal chow diet before being switched to a
“Western” diet at around 8 weeks of age, this is not the only useful schedule. For instance, in
some embodiments, the female breeders are not fed a Western diet. However, epigenetic
changes in organisms may result due to diets of mothers before and during pregnancy, or in
immature individuals. Therefore, in some embodiments, the mice begin the Western diet prior to
8 weeks, e.g. prior to sexual maturity. In some embodiments, the Western diet is fed to breeders
of either sex for various durations prior to mating and/or during pregnancy. Such alterations in
protocols yield useful information regarding epigenetics, fertility, etc.

[0036] Furthermore, in some embodiments, animals are dosed with compounds or drugs
during administration of the Western diet as disease develops, or at timepoints after diseases
have developed and progressed. However, it will be appreciated that compounds or drugs may
be administered to the mice at any time, including prior to initiating the Western diet, for
prevention studies. In some embodiments, the DIAMOND'™ mouse is used as an experimental
platform for creation of “knock-ins” and “knock-outs” to investigate the effects of adding and
deleting genes.

[0037] Further, agents other than “drugs” may be tested using the mice, e.g. various natural
products, so-called “nutraceuticals”, herbs, dietary additives such as probiotics, vitamins, etc.
.may be tested to determine their effects on disease occurrence and/or progression; as may
changes (variations) in diet (e.g. varying the amount or type of fats and sugars, etc.); and/or
activity levels (mimicking increased or decreased exercise), etc.

[0038] While the majority of the data obtained on the DIAMOND™ mouse physiology and
pathology presented herein concerns liver pathology and some blood-borne proteins and
metabolites, it is expressly noted that other organ systems and biological fluids may and do
show abnormalities. Thus the utility of this mouse model extends beyond liver disease and
blood-based biomarkers and into all areas of physiology known to be affected by the
development of metabolic syndrome, including but not limited to the cardiovascular system, the
muscular system, the endocrine system, the reproductive system, the digestive system, the
kidneys, and the adipose tissue.

[0039] It has been postulated that the microbiome of the gut plays a role in the development

of liver disease. Another useful aspect of this model, therefore, is the ability to inoculate the gut
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with various organisms and determine if the changes in the gut microbiome alter disease
development and progression. Thus the model has utility for the discovery and development of
pro-biotics and gut flora supplements. Accordingly, in some embodiments we contemplate the
use of a “clean” DIAMOND™ mouse model, and in other embodiments we contemplate the
addition of one or more commensal or pathogenic bacterial, viral, or fungal species to the
model.

[0040] The mouse of the invention is also useful for biomarker discovery studies. For
example, studies of circulating lipids, proteins and nuclear material could be used for biomarker
development. Also, changes in the microbiome and measurement of microbial metabolites and
linking them to disease phenotype would guide biomarker development efforts.

[0041] Where a range of values is provided, it is understood that each intervening value, to
the tenth of the unit of the lower limit unless the context clearly dictates otherwise, between the
upper and lower limit of that range and any other stated or intervening value in that stated

range, is encompassed within the invention. The upper and lower limits of these smaller ranges
may independently be included in the smaller ranges and are also encompassed within the
invention, subject to any specifically excluded limit in the stated range. Where the stated range
includes one or both of the limits, ranges excluding either or both of those included limits are
also included in the invention.

[0042] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or equivalent to those described herein
can also be used in the practice or testing of the present invention, representative illustrative
methods and materials are now described.

[0043] All publications and patents cited in this specification are herein incorporated by
reference as if each individual publication or patent were specifically and individually indicated

to be incorporated by reference and are incorporated herein by reference to disclose and
describe the methods and/or materials in connection with which the publications are cited. The
citation of any publication is for its disclosure prior to the filing date and should not be construed
as an admission that the present invention is not entitled to antedate such publication by virtue
of prior invention. Further, the dates of publication provided may be different from the actual
publication dates which may need to be independently confirmed.

[0044] Itis noted that, as used herein and in the appended claims, the singular forms
"a", "an", and "the" include plural referents unless the context clearly dictates otherwise. It is

further noted that the claims may be drafted to exclude any optional element. As such, this
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statement is intended to serve as antecedent basis for use of such exclusive terminology as

"solely," "only" and the like in connection with the recitation of claim elements, or use of a
"negative” limitation.

[0045] As will be apparent to those of skill in the art upon reading this disclosure, each
of the individual embodiments described and illustrated herein has discrete components and
features which may be readily separated from or combined with the features of any of the other
several embodiments without departing from the scope or spirit of the present invention. Any
recited method can be carried out in the order of events recited or in any other order which is
logically possible.

[0046] All examples and descriptions in this application are non-limiting and shall not be
construed as the only way that the invention can be practiced. Variations in methodology and
protocol that are within the spirit of the invention are also claimed.

EXAMPLE

The genetic background of the mouse:

[0047] Two pure wholly genetically characterized mouse strains were cross-bred. These
two parental strains are 129S1/SvimJ and C57BI/6J. The progeny that resulted from the cross-
breeding are called 129/B6 mice. The first progeny were heterogeneous (not genetically
identical to one another). In order to transform the heterogeneous progeny into an isogenic
mouse strain in which all individuals were equally genetically susceptible to developing NAFLD,
NASH and HCC in response to Western diet, further selective inbreeding was carried out for
over 20 generations to yield the isogenic strain of DIAMOND'™ mice that all develop disease
pathology in response to dietary trigger. The isogenic status of the mice was confirmed by
testing for a set of 158 single nucleotide polymorphisms (SNPs) that included both specific
C57BI/6 and 129S1 SNPs in 6 randomly chosen mice from the colony (Table 1). This SNP
testing demonstrated that approximately 60% of the genetic marker SNPs were of C57BI/6
origin while 40% of the genetic marker SNPs were of 129S1 origin. Importantly, all mice were
genetically identical. The sequence of the entire genome of the new mouse was determined
and assigned the identifier SEQ ID NO:1. The development of the new organism with unique
genetic makeup and utility as a model of human disease was complete.

[0048] Table 1. Background strain characterization of the 129S1/SvimJ;C57BI/6J

mouse strain

Chromosome # (# of SNPs SNPs B6 background (%) | SNPs S129 background (%)
analyzed)

Chromosome 1 (11 SNPs) 27.3 72.7
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Chromosome 2 (10 SNPs) 70.0 30.0
Chromosome 3 (9 SNPs) 22.2 77.8

Chromosome 4 (9 SNPs) 77.8 22.2

Chromosome 5 (9 SNPs) 100.0 0.0

Chromosome 6 (9 SNPs) 88.9 11.1

Chromosome 7 (7 SNPs) 57.1 42.9

Chromosome 8 (7 SNPs) 571 42.9

Chromosome 9 (8 SNPs) 87.5 12.5

Chromosome 10 (8 SNPs) 87.5 12.5
Chromosome 11 (7 SNPs) 57.1 42.9
Chromosome 12 (8 SNPs) 37.5 62.5
Chromosome 13 (7 SNPs) 28.6 71.4
Chromosome 14 (7 SNPs) 429 57.1
Chromosome 15 (5 SNPs) 60.0 40.0
Chromosome 16 (6 SNPs) 100.0 0.0
Chromosome 17 (6 SNPs) 50.0 50.0
Chromosome 18 (7 SNPs) 28.6 71.4
Chromosome 19 (5 SNPs) 100.0 0.0
Chromosome X (12 SNPs) 58.3 41.7
Total (%) 61.1 38.9

Analysis was performed on DNA isolated from six 129S1/SvimJ;C57BI/6J strain mice;

SNPs complete background analysis was identical throughout the different mice.

WD SW-fed mice develop obesity, liver injury and dyslipidemia:

[0049] Chow diet normal water (CD NW)-fed mice gained a small amount of weight
compared to baseline values but essentially had stable weights from 8 to 52 weeks (Fig. 1A and
Table 2). In contrast, mice fed a WD SW became significantly heavier as compared to
concurrent CD NW-fed controls (p< 0.001). The weight gain peaked by 8 weeks with non-
significant minor additional weight gain between 8 and 52 weeks following initiation of the diet.
The liver weight was also significantly higher in mice fed WD SW compared to CD NW-fed
controls at 8 weeks and subsequent time points including week 52 (Fig. 1B).

[0050] Table 2. Serum biochemical parameters

8 weeks of diet CD NW CD SW WD NW WD SW

Body weight (g) 324+55 353+4.4 352+2.1 434+ 1.0 #%%
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AST (U/L) 141.1 + 64.9 133.1+76.9 1238.7 £546.0 | 397.6 +£273.5 *
ALT (U/L) 112.0+52.0 65.7 +30.1 731.0£575.7 | 350.8 & 80***
Alkaline Phosphatase 60.6 £ 7.5 59.4+£12.5 61.5+8.1 118.0 + 38.8
(U/L) *kk
Cholesterol (mg/dL) 1143 £26.4 118.9 + 34.8 181.3+£26.9 380.4

02.2%%*
LDL-c¢ (mg/dL) 45.1+ 14.4 44.6 +22.1 79.0+16.8 218.0 +

66.5%%*
Triglycerides (mg/dL) 111.4+29.1 96.0 +£20.9 108.7+5.8 159.6 + 67.4 *
52 weeks of diet CD NW CD SW WD NW WD SW
Body weight (g) 309+23 347+3.9 50.5 £ 8.5%** 442 + 7 4%*
AST (U/L) 162.0 + 38.8 161.0+25.4 628.4 + 338.2 +£230.1

236.3%**

ALT (U/L) 117.3+71.4 104.0 + 56.7 560.5£360.7* | 3142+ 191.2
Alkaline Phosphatase 100.0+45.1 102.0+22.7 132.0+£73.6 155.1 £104.1
(U/L)
Cholesterol (mg/dL) 130.0+ 13.3 100.0£26.9 | 337.4+113.6*%* | 276.4 + 128.6
LDL-c (mg/dL) 53.3+£23.7 43.0+11.5 209.8 £ 94.3*%* | 176.0+91.1 *
Triglycerides (mg/dL) 81.3+£24.9 82.0+18.0 109.6 £22.3 82.2+304

Mice were fed for 8 or 52 weeks either a chow diet (CD NW), a high fructose/sucrose diet (CD
SW), a high fat Western diet (WD NW) or a high fructose/sucrose, high fat Western diet (WD
SW). Values are mean + SEM for 6-10 mice per group; ***P < 0.001, *P < 0.01, *P < 0.05 CD
SW, WD NW or WD SW compared to CD NW. ALT, alanine aminotransferase; AST, aspartate

aminotransferase; LDL-c, low-density lipoprotein-cholesterol.

[0051]

This was accompanied by an increase in aspartate aminotransferase (AST) and

alanine aminotransferases (ALT) in WD SW-fed mice compared to CD NW-fed mice (p< 0.05 for
AST and < 0.001 for ALT) (Fig. 1C). Mice fed a WD SW also developed an increase in total
cholesterol and LDL-cholesterol (LDL-c), as it has been reported in humans with NASH15.

Hypertriglyceridemia also developed in these mice and was maximal at 8 weeks (p< 0.05) (Fig.

1D). These lipid changes were greatest within the first 8-16 weeks and started to decline after

week 24 (data not shown). At week 52, LDL-c remained significantly elevated while the

hypertriglyceridemia declined to values noted in CD NW-fed mice.

WD SW-fed mice develop insulin resistance:
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[0052] Insulin resistance was measured by an insulin tolerance test (ITT) that was
performed at an early time point after initiation of the diet at 8 weeks and then at 52 weeks. This
was done to assess the initial metabolic response to the diet and to determine if these changes
were sustained. At 8 weeks, following insulin administration, the blood glucose drop in mice
receiving WD SW was less when compared to CD NW-fed controls (Fig. 1E). At week 52, WD
SW-fed mice had significant insulin resistance (p< 0.05) and an essentially flat glucose profile
following insulin administration (Fig. 1F). CD NW-fed mice had a normal expected drop in
glucose in response to insulin administration. On a separate day, a glucose tolerance test (GTT)
was also performed using standard methods'®. While glucose levels were often higher following
intra-peritoneal glucose administration on both weeks 8 and 52 in mice fed WD SW (Fig. 1G-H),
these differences did not reach statistical significance. This indicated that despite insulin
resistance, the mice still had enough pancreatic islet 8 cell reserve to be able to mount a gluco-

regulatory response after a glucose challenge.

WD SW-fed mice sequentially develop a fatty liver, steatohepatitis and advanced fibrosis:
[0053] Gross morphology of the liver: Within 4-8 weeks of WD SW administration, the liver
became tan and visibly lighter in color compared to CD NW-fed mice for the same duration (Fig.
2A). This was maintained up to 52 weeks. Between weeks 32-52 the surface of the liver also
demonstrated nodularity in some but not in all mice. Also both single and muiltiple foci of tumors
were seen at the time of necropsy. Some of the larger tumors had areas of hemorrhage in them.
These findings are consistent with HCC that develops in humans with NASH.

[0054] Development of steatosis, steatohepatitis and progressive fibrosis: CD NW-fed mice
had normal hepatic architecture and histology at all time-points studied (Fig. 2B). They also had
no excess of collagen in the liver as assessed by Sirius Red staining (Fig. 2C). In contrast, mice
fed a WD SW developed extensive hepatic steatosis between weeks 4-8 (Fig. 2B). The
steatosis included macrovesicular steatosis along with small droplet lipid accumulation. The
latter was more commonly seen around central veins. The small droplet lipid changes
decreased over time while the macrovesicular steatosis increased progressively by week 52.
Steatosis was further confirmed by Oil-Red-O staining (Fig. 7A-B). Although there was minimal
or no visible inflammation, about half the mice had evidence of some hepatocellular ballooning
by week 8. There was also no significant increase in fibrosis by week 8 (Fig. 2C).

[0055] Between weeks 12-16, steatohepatitis developed in mice fed WD SW (Fig. 2B). In
addition to the continued presence of mainly macrovesicular steatosis, both inflammation and

hepatocellular ballooning and occasional Mallory-Denk bodies were noted (Fig. 2B, 3A and Fig.
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8A-B). There was also evidence of apoptotic bodies. With passage of time and continued WD
SW administration, the ballooning and Mallory bodies were seen more frequently. At week 52,
the inflammation and ballooning was seen in all mice studied. The inflammation was mainly
lobular as seen in humans with steatohepatitis. Pericellular fibrosis was seen at week 16 and
increased over time. By week 52, advanced bridging fibrosis and even early nodule formation
could be seen (Fig. 2C).

[0056] Having established the presence of steatohepatitis and the individual components of
steatohepatitis seen in humans in mice fed WD SW, the severity of the individual lesions were
quantified using the NASH Clinical Research Network (CRN) criteria and calculation of the
NAFLD activity score (NAS)". All mice fed WD SW developed grade 3 macrovesicular steatosis
by week 8 (Fig. 3B). By week 52, the steatosis grade declined modestly but was still significantly
greater than in CD NW-fed mice which did not develop any steatosis. The severity of hepatocyte
ballooning at week 52 was higher compared to both CD NW-fed mice and mice fed WD SW for
8 or 16 weeks. Lobular inflammation developed by week 16 (Fig. 9) and all mice had substantial
lobular inflammation even at week 52. As expected, these changes translated in to
progressively increased NAS from week 8 to 52. However, at week 8, the increase was driven
by steatosis while at week 52, steatosis, inflammation and ballooning all contributed to the
increase in NAS.

[0057] To confirm the progressive increase in fibrosis over time after administration of WD
SW, quantitative morphometry was performed on Sirius Red-stained liver sections (Fig. 3B).
The collagen proportional area (CPA) was not significantly different from CD-fed controls at 8
weeks. There was however a progressive increase in the CPA from week 8 to 16 and then 52 in

mice fed WD SW while CD fed mice did not demonstrate any fibrosis.

Effects of gender, diet and genotype on disease phenotype:

[0058] Female mice also developed steatosis at week 8 and steatohepatitis by week 16
(data not shown). They developed increasing fibrosis but did not develop fully established
cirrhosis by week 52. The severity of the steatohepatitis was also milder than in male mice. To
determine the contribution of high fat diet alone (Western Diet (WD NW)) and sugar water (CD
SW) alone, independent experiments where the mice were fed WD NW or CD SW was
performed.

[0059] WD NW led to similar weight gain as seen in WD SW-fed mice by week 52 (Table 2).
WD NW also led to an elevation of AST and ALT relative to both CD NW and administration of
CD SW alone. The AST and ALT levels following WD NW were higher than seen with WD SW
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administration, but this did not reach significance. More importantly, WD NW-fed mice
developed severe steatosis but did not have hepatocyte ballooning by week 8 and only mild
ballooning by week 52 (Fig. 3B and Fig. 10A-B). They did however have some lobular
inflammation at 8 weeks which increased modestly by week 52. They also developed fibrosis
over time (Fig. 10). In contrast, mice fed CD SW alone did not develop significant steatosis,
lobular inflammation or fibrosis. At week 8, occasional ballooning was noted but this was not

seen at week 52.

Activation of signaling pathways relevant for humans with NASH:

[0060] Increased lipogenic-, inflammatory- and pro-apoptotic signaling are hallmarks of
NASH in humans'®%. The activation of such signaling pathways was assessed at both early (8
week) and late (52 week) time points in CD NW- and WD SW-fed mice. At both weeks 8 and 52

there was a significant increase in expression of fatty acid synthetase (FAS) and acyl CoA

carboxylase (ACC) as well as phosphorylation of acyl CoA carboxylase indicative of its
activation (Fig. 4A). On the other hand, inflammatory signaling via phosphorylation of JNK, a
key mediator of inflammation in human NASH™?', was not increased at week 8 but significantly
increased at later time points up to week 52. There was also increased PARP and cleaved
caspase 3 at week 52 indicating activation of apoptotic signaling. There was also a significant
increase in BIM and PUMA proteins expression, two important pro-apoptotic signals that are
also activated in human NASH and by lipotoxicity>*. These signaling pathways were activated

in both male and female mice (data not shown).

WD SW-induced NASH has a transcriptomic profile similar to humans with NASH:

[0061] The lllumina Expression BeadChip (lllumina) platform was used to interrogate the
hepatic transcriptome at early (8 week) and late (52 week) stages of NAFLD in mice fed WD
SW. Volcano plot and heatmap visualization demonstrated distinct differences between CD-fed
and WD SW-fed mouse liver transcriptome at 8 weeks (Fig. 4B and 4C). The separation of gene
expression profile was further confirmed by principal component analysis. There was also a
remarkable similarity in gene signatures from one mouse to the other within each experimental
group. The differential gene expression was related to the GENE ONTOLOGY™ database to
evaluate the biological and cellular processes altered by WD SW. These demonstrated a major
impact on genes involved in multiple metabolic processes at 8 weeks (Fig. 4D). Alternately,
using Gene Set Enrichment Analysis (GSEA) to identify differences in a priori defined set of

genes along specific pathways, several additional pathways were identified. Based on statistical
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significance, the top rank ordered pathways included blood coagulation, TGF-Wnt, cytoskeletal
remodeling, and LRRK2 in Parkinson’s disease (Fig. 4E and Fig. 11A-C). There was also
evidence for increased apoptotic and inflammatory signaling pathway activation at a
transcriptional level. Biological networks activated by WD SW was further determined (Fig. 4F)
in an unbiased manner using the Analyze Networks algorithm®*?°. A B-catenin, JAK2, SMAD3,
TGF-B receptor type Il, ILK network that impacts cell proliferation, regulation of phosphorylation
and macromolecule metabolic processes was the principal network upregulated by WD SW at 8
weeks (Table 3) (p< 9.82e-14, z-score 11.7, g-score 37.9).

[0062] Table 3. Activated biological networks in mice fed a high fructose/sucrose,
high fat Western diet (WD SW) for 8 weeks.
No Network Processes Size | Target | Pathways p- zScore | gScore
name Value
1 | Beta-catenin, | regulation of cell 51 19 21 9.82e- | 11.73 37.98
JAK2, proliferation (78.4%), 14
SMAD3, positive regulation of
TGF-beta cell proliferation
receptor type | (64.7%), regulation of
1L, ILK phosphorylation
(66.7%), response to
organic substance
(84.3%), positive
regulation of
macromolecule
metabolic process
(78.4%)
2 | MyDS8s, energy coupled proton | 50 25 9 491e- 16.48 27.73
CaMK 1V, transport, down 22
IRAK1/2, electrochemical
p38alpha gradient (17.8%), ATP
(MAPK14), | synthesis coupled
TRAF6 proton transport
(17.8%),
mitochondrial ATP
synthesis coupled
proton transport
(15.6%), positive
regulation of protein
metabolic process
(46.7%), phosphorus
metabolic process
(62.2%)
3 SURFI, hydrogen ion 50 36 0 1.74e- | 2527 25.27
CLCN3, transmembrane 41
elF357, transport (23.4%),
Céorf62, proton transport
RPL9 (23.4%), hydrogen
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transport (23.4%),
monovalent inorganic
cation transport
(23.4%), positive
regulation of plasma
membrane long-chain
fatty acid transport
(6.4%)

JAKZ2, Janus kinase 2; SMAD3, SMAD family member 3; TGF, Transforming growth factor; ILK,
integrin-linked kinase ; MyD88, Myeloid differentiation primary response gene 88; CaMK IV,
Calmodulin-dependent protein kinase [|V; IRAK 1/2, IL-1 receptor-associated kinase 1/2;
MAPK4, Mitogen-activated protein kinase 4; TRAF6, TNF (Tumor necrosis tumor)-receptor-
associated factor 6; SURF1, Surfeit 1; CLCN3, Chloride channel, voltage sensitive 3; elF3S7,
Eukaryotic translation initiation factor 3 subunit 7;C60rf62, chromosome 6 open reading frame
62; RPL9, Ribosomal protein L9.

[0063] Hepatic gene expression profiles were also analyzed in mice fed a WD SW at 52
weeks and further compared to a known human gene expression databank of liver cirrhosis and
NASH patients®®?’ (Fig. 5). The hepatic gene expression at week 52 was different from both CD
NW fed mice for the same duration (Fig. 5A-E) and also from mice fed WD SW for 8 weeks.
[0064] GSEA at 52 weeks identified changes in androstenedione metabolism and
transcriptional regulation of lipoprotein metabolism, oxidative stress-related signaling pathways
related to activation of the innate immune system and inflammatory pathways as the principal
pathways that were altered (Fig. 5B) consistent with data on lipoprotein metabolism and the role
of innate immunity in disease progression in humans with NASH?*?"_ Gene ontology (GO) and
process networks analysis also identified activation of multiple inflammatory processes (Fig. 5A-
C). While the metabolic pathway changes noted at 8 weeks were still altered, they were less
than that noted at the earlier time-point. When compared to human cirrhosis of varied etiologies
including NASH (186-gene signature, including 73 poor prognosis-correlated and 113 good
prognosis-correlated genes)® %, the mouse transcriptome at 52 weeks demonstrated significant
concordance with cirrhosis of poor prognosis (normalized enrichment score, NES 1.81, FDR <
0.001) (Fig. 5F-G). Furthermore, when compared to a human normal and NASH gene signature
dataset (18 human NASH patients and 41 normal/healthy obese individuals)®, there was a
strong concordance of the mouse gene expression data with the NASH signature (FDR 0.02 at
8 weeks and 0.08 at 52 weeks) (Fig. 5H).

Development of murine HCC resembling human HCC:
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[0065]

There were 5 or more foci of tumors in each male mouse whereas 1-2 foci were seen in females

HCC developed in 90% of male mice and 75% of female mice between weeks 32-52.

(Fig. 2A and 6A). The tumors in males tended to be larger and some were associated with
hemorrhage within the tumor. All mice had foci of well-differentiated HCC and 40% had poorly
differentiated HCC (Table 4). Also, hepatic adenomas (Fig. 12A-B), some with foci of HCC
within them, were noted in 25% of the mice. At a transcriptomic level, the HCC transcriptome
was related to the S1 or S2 subclasses of human HCC 28 (Fig. 6B) (NES and FDR: 1.46 and
0.01, and 1.42 and 0.01 respectively). Compared to surrounding non-tumorous liver in mice on
WD SW, the HCC transcriptome demonstrated activation of several pathways related to
nitrogen and amino acid metabolism, oxidative stress signaling, inflammation and cell adhesion-
extracellular matrix remodeling (Fig. 6C-G). Functional process network analysis (Fig. 6G and
Fig. 13A-C) revealed changes related to progesterone signaling, bile acid regulation of lipid
metabolism, hypoxia and oxidative stress, signal transduction-ESR1 and modulation of

apoptosis induced by external signals by estrogen.

[0066] Table 4. Tumor rate and characteristics.
Diet (52 wks) | Predominant | Degree of Number of Tumor Tumor Type
type of Disease Tumors/Liver | Rate (%)
Steatosis
CD NW None Normal None 0% (0/15) None
CD SW None Normal None 0% (0/4) None
WD NW Microvesicular NAFLD 1-2 40% WD HCC
(6/15)
WD SW Macrovesicular NASH >3 89% (8/9) | WD HCC (8/8)
PD HCC (3/8)
Adenoma (2/8)

Mice were fed for 52 weeks either a chow diet (CD NW), a high fructose/glucose diet (CD SW),
a high fat Western diet (WD NW) or a high fructose/glucose, high fat Western diet (WD SW).
Values are mean *SEM for 4-15 mice per group; WD HCC, Well-Differentiated

Hepatocarcinoma; PD HCC, Poorly-Differentiated Hepatocarcinoma.

[0067]

biomarker development. The invention described herein provides a mouse model where fatty

There is a substantial need for models of NASH to accelerate therapeutic and

liver disease is induced by caloric excess as it occurs in most humans with NASH. The mice

sequentially develop steatosis, steatohepatitis, progressive fibrosis and HCC. This is
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accompanied by weight gain, insulin resistance, hypertriglyceridemia and increased circulating
levels of LDL-cholesterol. The hepatic transcriptome of these mice was also similar to that seen
in human NASH from week 8 through 52. In later stages of the disease, the hepatic
transcriptome from affected mice demonstrated concordance with a 186-gene signature of
cirrhosis of varied etiology including NASH containing 73 genes associated with poor
prognosis®. Furthermore, striking similarity of global liver transcriptome between WD SW-fed
mice and human NASH was observed for 8 weeks and 52 weeks. Pathways related to
lipogenesis, inflammation and apoptosis that are considered to be relevant for humans with
NASH' " were also activated. These mice developed progressive fibrosis with early cirrhotic
remodeling and also HCC which resembled S1 or S2 human HCC?. Interestingly, the induction
was relatively stronger for S1 subclass which is associated with steatohepatitic HCC variant®'.
The disease also developed over a 52 week time-frame which is analogous to about 25-30
years in a human, the time course of disease progression to cirrhosis and HCC in many chronic
liver diseases®®. Together, this demonstrates that this mouse model overcomes several
deficiencies of other models and mimics the key aspects of human NASH. It is therefore used
as a preclinical model for this disease.

[0068] The current model impacts three important areas of liver disease for which there is
an unmet need for more therapeutic development. These include NASH, hepatic fibrosis and
HCC. In addition to mimicking human NASH, this model demonstrates progressive fibrosis with
marked perisinusoidal fibrosis, the distinctive pattern of fibrosis in human NASH, and in some
cases, bridging fibrosis and even early cirrhotic changes. Most prior approaches for anti-fibrotic
drug development have utilized carbon tetrachloride, thioacetamide administration, or bile duct
ligation as models of hepatic fibrosis for preclinical testing of potential therapies. These models
are not representative of the human disease state and thus are not ideal for testing anti-fibrotic
therapies. In the current model, fibrosis develops as a consequence of a disease process that
resembles human disease and is better suited for the preclinical assessment of drugs targeting
hepatic fibrosis to prevent disease progression or induce regression of advanced fibrosis. Given
the high incidence of HCC in this model, it also has utility for testing preventive and therapeutic
approaches against HCC.

[0069] It is interesting to note the development of hepatic adenomas as well as HCC within
hepatic adenomas in our model. There are case reports of HCC arising in a hepatic adenoma in
subjects with metabolic syndrome without cirrhosis®*. Therefore, the DIAMOND'™ model also
recapitulates this phenomenon and provides further opportunities to dissect the molecular basis

for this observation.
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[0070] It is important to note that a high fat diet alone can induce the phenotype but with
lesser severity. However, sugar water administration alone did not have any impact on liver
histology. This could be related to the amount of sugar consumed in this protocol which allowed
ad lib consumption of sugar water. Also, female mice developed a less pronounced phenotype
and a lower incidence of HCC. These gender-based differences should also permit studies that
may shed novel insights on why HCC affects males with NASH more than females®**¢. The
model is also relatively specific since mice with a pure background did not develop the
phenotype.

[0071] In summary, this diet-induced animal model of nonalcoholic fatty liver disease
recapitulates the various phenotypes of the disease and their associated metabolic and
underlying molecular characteristics. It serves as a relevant model to identify therapeutic
targets, model disease progression and test preventive and therapeutic approaches against
NASH, hepatic fibrosis and HCC.

[0072] The detailed descriptions and photographs, graphs, figures, and genetic data are
supportive and descriptive of the embodiments of the invention described herein, and while
some of the preferred embodiments of this invention have been described in detail, various
alternative designs and embodiments exist for practicing the methods disclosed herein. It is
expressly noted that the present invention is not limited to the embodiments described in detail
herein; rather, modifications and additions to what has been expressly described herein are also
included within the scope of the invention. Moreover, it will be understood that the features of
the various embodiments described herein are not generally mutually exclusive and can exist in
various combinations and permutations without departing from the spirit and the scope of the

invention.
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CLAIMS

A viable and fertile mouse whose genome comprises SEQ ID NO:1.

The mouse of claim 1, wherein administration of a high-fat and high-sugar diet causes
development of one or more disease conditions selected from the group consisting of
steatosis, liver fibrosis, steatohepatitis, cirrhosis, hepatocellular carcinoma, obesity,

insulin resistance, and dyslipidemia.

A method of inducing development of hepatic steatosis, progressive hepatic fibrosis,
steatohepatitis, hepatocellular carcinoma, or at least one condition associated with
metabolic syndrome in a mouse whose genome comprises SEQ ID NO:1 comprising the
steps of:
a. administering to said mouse a diet comprising standard mouse chow and water
for at least the first 8 weeks after birth,
b. discontinuing administration of the diet comprising standard mouse chow and
water when the mouse is at least 8 weeks old, and
c. further administering to the at least 8 week old mouse a diet comprising high-fat

mouse chow and sugar water for a duration of at least 4 weeks.

The method of claim 3, wherein the diet administered in step (c) is administered for at

least 4 weeks and hepatic steatosis is induced.

The method of claim 3, wherein the diet administered in step (c) is administered for at

least 16 weeks and progressive hepatic fibrosis is induced.

The method of claim 3, wherein the diet administered in step (c) is administered for at

least 12 weeks and steatohepatitis is induced.

The method of claim 3, wherein the diet administered in step (c) is administered for at

least 32 weeks and hepatocellular carcinoma is induced.

The method of claim 3, wherein the diet administered in step (c) is administered for at

least 4 weeks and at least one disorder associated with metabolic syndrome is induced.
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9.

10.

11.

12.

13.

14,

The method of claim 3 wherein the disorder associated with metabolic syndrome is
selected from the group consisting of: impaired glucose tolerance, whole body insulin
resistance, hepatic insulin resistance, muscular insulin resistance, adipose tissue insulin
resistance, incretin abnormalities, hyper-insulinemia, impaired glucose disposal rate,
obesity, dyslipidemia, cardiovascular disease, atherosclerosis, microvascular disease,

and kidney disease.

A method for screening a compound for the prevention or treatment of a disorder
selected from the group consisting of hepatic steatosis, progressive hepatic fibrosis,
steatohepatitis, hepatocellular carcinoma, and a disorder associated with metabolic
syndrome in a mouse whose genome comprises SEQ ID NO:1 comprising the steps of:
a. administering to said mouse a diet comprising standard mouse chow diet and
water for at least the first 8 weeks after birth,
b. discontinuing administration of standard mouse chow diet and water in step (a)
when the mouse is at least 8 weeks old,
c. further administering to the at least 8 week old mouse a diet comprising high-fat
mouse chow and sugar water for a duration of at least 4 weeks,
d. administering said compound concurrent with step (c) or after step (c), and
e. determining the effect of the compound on said disorder relative to a mouse not

treated with the compound.

The method of claim 10, wherein said disorder is hepatic steatosis and the diet

administered in step (c) is administered for at least 4 weeks.

The method of claim 10, wherein said disorder is progressive hepatic fibrosis and the

diet administered in step (c) is administered for at least 16 weeks.

The method of claim 10, wherein said disorder is steatohepatitis and the diet

administered in step (c) is administered for at least 12 weeks.

The method of claim 10, wherein said disorder is hepatocellular carcinoma and the diet

administered in step (c) is administered for at least 32 weeks.
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15.

16.

17.

18.

19.

20.

21.

The method of claim 10, wherein said disorder is a disorder associated with metabolic

syndrome and the diet administered in step (c) is administered for at least 4 weeks.

The method of claim 10 wherein the disorder associated with metabolic syndrome is
selected from the group consisting of: impaired glucose tolerance, whole body insulin
resistance, hepatic insulin resistance, muscular insulin resistance, adipose tissue insulin
resistance, incretin abnormalities, hyper-insulinemia, impaired glucose disposal rate,
obesity, dyslipidemia, cardiovascular disease, atherosclerosis, microvascular disease,

and kidney disease.

An in vivo model system for at least one condition selected from the group consisting of
hepatic steatosis, progressive hepatic fibrosis, steatohepatitis, hepatocellular carcinoma,
and a condition associated with metabolic syndrome comprising
a viable and fertile mouse whose genome comprises SEQ ID NO:1, wherein said at
least one condition is induced by
a. administering to said mouse a diet comprising standard mouse chow and water
for at least the first 8 weeks after birth,
b. discontinuing administration of the diet comprising standard mouse chow and
water when the mouse is at least 8 weeks old, and
c. further administering to the at least 8 week old mouse a diet comprising high-fat

mouse chow and sugar water for a duration of at least 4 weeks.

The method of claim 17, wherein the diet administered in step (c) is administered for at

least 4 weeks and hepatic steatosis is induced.

The method of claim 17, wherein the diet administered in step (c) is administered for at

least 16 weeks and progressive hepatic fibrosis is induced.

The method of claim 17, wherein the diet administered in step (c) is administered for at

least 12 weeks and steatohepatitis is induced.

The method of claim 17, wherein the diet administered in step (c) is administered for at

least 32 weeks and hepatocellular carcinoma is induced.
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22. The method of claim 17, wherein the diet administered in step (c) is administered for at

least 4 weeks and at least one disorder associated with metabolic syndrome is induced.

23. The method of claim 17, wherein the disorder associated with metabolic syndrome is
selected from the group consisting of: impaired glucose tolerance, whole body insulin
resistance, hepatic insulin resistance, muscular insulin resistance, adipose tissue insulin
resistance, incretin abnormalities, hyper-insulinemia, impaired glucose disposal rate,
obesity, dyslipidemia, cardiovascular disease, atherosclerosis, microvascular disease,

and kidney disease.

24. Use of an in vivo model system according to claim 17 for:

a. the study of at least one condition selected from the group consisting of hepatic
steatosis, progressive hepatic fibrosis, steatohepatitis, hepatocellular carcinoma,
and a condition associated with metabolic syndrome, or

b. in vivo screening or testing of the efficacy of candidate drugs for the treatment of

a condition recited in a).

30



60,

40

30

Body Weight (g)

800,

600

400

200

0-
S
00 \X;Q 00 \,\&0 00

50

WO 2017/065833

#ﬁwﬂﬂi

20 gy
0 8 16 24 32 40 48 56

Weeks

ALT AST

S
Qx

D)

’lr

8 wks 52 wks 8w

[
o
2

-
o

Blood glucose (mg/dL)
o

o
[ ]
<

L]
o
™
s

ITT 8 wks

0 Ir:f\ A
N o
e

-~ CDNW
~ WD SW

o

S s o
[Time] (min)
GTT 8 wks

foe]
<
e,
/
T4

=
o S
¢
O
]
2
2

Blood glucose (mg/dL)
[ (2] o
o
<
\\\
2
A
7-'4

O o D D

[Time] (min)

Figure 1A

Figure 1C

Figure 1E

Figure 1G

mg/dL

PCT/US2016/031155

1/14

154
B
:‘g-:., 10+
g Figure 1B
S 5_ *
@
2
-

0 =3 o

& &‘ ~&\

8wks 52 wks

o Cholesterol LDL-c  Triglycerides
50 *

400
300
200 Figure 1D
100
o
$¢\~x\¢\ S O] Stae
Qo‘:@%o\:\o oo‘:\ > ‘\06 0010%0‘;0%
§wks 52 wks 8 wks sms 8 wks 52 wks
ITT 52 wks
= 200 . .
| Pt
Z1s0{ N
@ .
%) N\,
Q 100 \I”‘“’"”{ .
§ Figure 1F
o
g 50 -~ CDNW
g « WD SW
g 0 " ‘
N D &
[Time] (min)
GTT 52 wks
-)
T 300,
o)
E 250/
3
8 200 ///,g i‘i i Figure 1H
e B A B
=)
150-
'8 -~ CD NW
o - WD SW
& 100

Q .\6 ,,,Q @ Qs ..LQ

[Time] (min)



WO 2017/065833

8 wks

16 wks

52 wks

2/14

8 Wks 16 Wks

PCT/US2016/031155

52 Wks

4

WD SW

C

DNW WD SW

CDNW WD SwW

Figure 2A

CD NW WD Sw

8 wks

16 wks

52 wks

Figure 2B

CD NW

Figure 2C

WD SwW

i



WO 2017/065833

3/14

PCT/US2016/031155

Figure 3B

Figure 3A
8 Weeks
Steatosis Hepatocyte Lobular NAFLD Fibrosis Collagen
' Balooning Inflammation  Activity Score Proportional
~
o % o H o 3l o 8 . 3E 3 Area
8 g 5 | S o 5
82 & 32| s ® 3 =2
) i o
o 1. 2 © 8 ERE .
g’ 3 2 £ 2 s " o1
* x * < | = T = - , .
0@, :““: s L Er— o Q.Tg_j:}:}___ Q.m‘t?_?_?.
SR R ) Sl & 8
S & & S & & S & ® & &7 Q\Q‘\ & o o7 \2\0‘& &
52 Weeks
Steatosis Hepatocyte Lobular NAFLD Fibrosis Collagen
Balooning Inflammation  Activity Score Proportional
2. . 5. 5. 3, Area
2 @ g e ° |
5 2 g go g -
] 3 & Iz & &£ o
boa) el ) o v = i
g g g g 2 5
B g B 3 g G
@ % B @ 8
s £ T £ i
& S @ e
G 4
C;O § & & “p “\0 oY




WO 2017/065833 PCT/US2016/031155

4/14
8 wks 52 wks
CD NW WD SW CD NW WD SW 1’5 394:5 6P 7,5 QID Jlog(pValue)
FAS-N ——- == S=-www  270Kd 1. Metabolic process
P-ACC — — —wbemwn =« shggw 265Kd 2. Cellular metabolic| ]
t-ACC - Nl e e 265 Kd procesi ’ ’

o - . «p56 3. Organic substance n |
p-JNK g “pd4 metabolic process GeP;Ser:stsezgy
PINK 5770w www P56 4 Single-organism} .. 2 ——=

w s G W e e ApA4 metabolic process |
- - - - <pdd 5. Primary metabolic
p-p42/44 - [ - ® ez process |
tpa2i4d 222 IZ- o wew B 6. Smallmolecule |
- metabolic process
PUMA i o= 23Kd P Processas
BiM w W% 21 Kd
Clmwmwiw wewwwww p35ishortexp.) Figure 4D
cleavedC3  p1s(longexp)
p-actin - - - — ~ - T T e e 42 Kd
Figure 4A
123488789 ogiavalue)
1. Blood coagulation
v 4 - . 2.TGF,WNTand|
T g cytosqueletal remodeling | '
?:. 3. 3. LRRK2 in neurons | , Gene Set
in Parkinson's disease :
S % = Enrichment
9% 2 4. Cytosqueleton remodeling b o Analysis
2= ) ] Analysis
e 5. Apoptosis and survival-]
21 BAD phosphorylation |7
S 8. Transcription-Sirtuing |
L2 regulation and functions
6 -4 3 2 4 Maps
log2 (fold change) '
Figure 4E
Figure 4B
i ‘:' -leg(pValue)

1. Transiation- |
Translation initiation |
2. Inflammation-§
IL-6 signaling]

3. Reproduction- FSH-beta | Process
CD NW signaling pathway | Networks
4. Apoptosis-| ""‘
WD SW Apoptotic mitochondria |

5. Development-|

Regulation of angiogenesis |

Figure 4C 8. Signal transduction-Androgen | -
receptor signaling cross-talk

Networks

Figure 4F



WO 2017/065833

3 § 9 '{IZ 115

i
1. lmmune system| o
pracess_’ s

2. Defense response oo

3 Responseto|

external stimulus |

4. Response td |
wounding |

5 Responseto |

organic cyclic compound |

8. Immune respanse [

Processes

Figure 5A

1. Androstenedione and testosterone’|
biosynthesis and metabolism p.1/ Radent vercion
2. Role of ZNMF202 in regulation of |

expression of genes involved in atherosclerosis

5/14
-tog10tp-Value) ey
=
k]
=
(=%
()
™ 0
Gene Ontology ga
Processes b
i
fnd
]
L

y;toglocp-\falue]

3. Oxidative stress- Role of IL-8 signaling e

pathway in respiratory burst |

4. Inhibition of neutrophil migration by
proresolving lipid mediators in COPD |
5. G-protein signaling-

Regulation of RACY activity |

6. Immine response- -

Murine NKG2D signaling

Figure 5B

3

Gene Set
Enrichment

Analysis

1. Chemotaxis feummen

2. Cell adhesion- |
Glycoeonjugates |

3 Inflammation”]

Interferon signaling |

4. Cell adhesion™|

Leukocyte chemotaxis |

5. mmune response- |
Phagocytosis |

8. Cell adhesion-Platetet- |
endothelium-leucocyte interaction

Metaorhs

Figure 5C

Poor-prognosis

& correlated genes
# ® “HES=1.61" 2
& £ 0.00 ,E,DR':D'OP{, 8
WD SW CDNW-—»
Figure 5F

og10{p-Value)

Process
Networks

Good-prognosis
correlated genes
2O

o o
[oum]

NES=1.26"_ |
030 FDR=0.09

« WD SW CDNw->

enrichment score

Figure 5G

PCT/US2016/031155

P

o %

432101 234
logZ {told change)
Figure 5D

il Sei-aR
. W EW-EN
Wi SW-5R
Vily SWaL
1 WA ON

WD 5W-AaH
CD WW-1L

o\

Figure 5E

WD SwW
8 Wks 52 Wks

Mormaly
healthy obese

£ Sinvitar

Crzzimilar
o :

L
15

FOR
Figure SH



WO 2017/065833 PCT/US2016/031155

6/14

1. Carboxytic acid |
metabolic pracess
2. Oxoacid metabolic o

pracess Gene Ontology
30ganicacd | =p
metabalic process crocesses

4, Prostate epithelial cord arborization]
involved in prostate glandular acinus |
morphogenasis

5. Prostats glandular ]

acinus morphogenesis {7

& Small molecuid’

Figure 6A metabolic process [**
Processes

Figure 6E

e 3 ‘inll'og(p\falue}

1. Histidine-glutamate-glutaming |~
metabelism |
2. Histidine-glutamate-glutarine and

Human HCC NES Prvalue FPR

subclass proline metabolism/ Rodent version |
51 146 0.065 0013 3, Nitrogen metabolisi | E___G?n: Set
3 2 4 4 ) o r n
s2 112 G"O?! 0.01 4, Nitrogen metabolism™} w
83 126 0033 0 0033 Rodentversion |~~~ Analysis
3 Celladhesion-|
Figure 6B ECM remodeling |

B Immune response-Role of the Membrane |
ottack complex in cell survival

Maps

@
> o ) Figure 6F
" 3
> S T T . ) 1 2
. . .. ogipValue}
o A TR 1.Reproductiorﬁ”"f‘““""‘J“f“jf‘f‘li o
2 8 2 ST [ Sl Progesterone signaling ‘
D e 2. Signal transduction=]
o = LT By ESR1-membrane pathway |
YT 3. lransport.
8 Manganese transport | Process
o 4. transport- | TPV
8 fron transport | M
— ' 5, inflammation. |
-4 -2 2 4 Complement system |
log2 (fold change) 6. Regulation of metabolism-Bile acid |
requlation of lipid metabolism and
: negative FXR-lependent regulation
Flgure 6C of bile acids reguiation |Networks

Figure 6G

Figure 6D



WO 2017/065833 PCT/US2016/031155

Figure 8A Figure 8B

16 Weeks

Steatosis Hepatocyte Lobular NAFLD Fibrosis

) Ballooning  Inflammation Activity Score

s s o’ g’ o
o Q =3 Q b
& 2 3 &2 3 S
an P ) = @
g g1 g g G .
Rt 2 RS . 2 £t
& 4 2 K4 a
I I I i w

? e & N

é}e &fs @Q@

Figure 9



WO 2017/065833 PCT/US2016/031155

8/14

CD Nw WD NW CD sw

8 wks
52 wks
Figure 10A
CD NW WD NW CDh sw WD SW
a b c d
8 wks
e f g h
i i k i
52 wks m n ‘o B ;

Figure 10B



Coal 2%

TR

facks

Cosgudation
fazior ¥i

S HELH @

@ O e

- A & 8 O o 8

Priten
Togsgpdabon ¢ F 2 ‘

Prothrombinase
9
Q@

g Fod N 3 2 2
Coszatio ¢ @ Adpha T-antteyps, ) SERPINE
n tacior 3 . G . @ 2 o G ¢ z K
Thromsize sErpiNEs W e NG | ¥
B Fibrmagen beta Q ’
Filsrnegen ﬂ
alpshi i '
e . 2 H 2 @ @ ALk z Beadykinin ’ : 9 Q
Losaation 4
factor Xit A B 8 @

WO 2017/065833 PCT/US2016/031155

9/14

Blood coagulation

» Indbation of Extenisic a
cagutation pathway & %
; | mdnlonsdiatiose
% coagutalion pathway g Drmolpne ntialon |
@ foagutaticn % Cosguation ! s{
Hacton X Coaguaation fe P kaitkeen A o by
actar Xif N asma katikrer PLALLIUPAY Montsproderiresin o
factor XI hd Palz Plasminiger

-y

TR

Proten S

o ‘ k k 111 o PN
o 2 ’ ° T o 1] F z o Prasminagen o
o e ‘

A

Tenuse

#

4 . 1 inhititor {
1.9 . - p i W . .
=y o a“,z L NS o Q.0

PLAT (TP
factdy # Viitisbrand i L

i . @ 9 fhenimbo
£ High motseight el

et factor 5 ] o
wukininogen = Bragykinn

Antithranbin

e o

i O

| o ; ;

Fibrinogen

Piaserin
i -roggen (ibrnd GICHRS in GPYEgopenden GPIRIXCVedepend
gam k 5 ! oot plateel
piateled 1 phateiet ; § Ll
agyregation atvaton activetian Piasmin signaing

e L

kS
Fibires ciol formation ;

Reguation of eRNOS aciviy in
orednthainl cells

Figure 11A



WO 2017/065833 PCT/US2016/031155

10/14

Cytoskeleton remodeling
TGF, WNT and cytoskeletal emodellqu

2 < e g )

i .
T 5 0T, e
YEGF-A 2 G o ; g g l
Casen Imaéﬂ, beda chéiin @ F’menbélﬁi ‘ o o o 1CJ 1 nhkor

f’i

o ., 240

L w e % ; h ‘
’ Re oF . & 1 ; { ]
% o ."',’ "i ? T ' 2 %E o o z 1G5 et 1
Casein knass I alpha chainsvmmm’”i Lo | Fibrenectin Cetlagen BENSP T W e @
L o 16 2 c ) o

“an
¢ 2 @ PIaK mgciasal.& ;
30 . ‘4‘

e . : PLIK calmss A
Shi

; 273 16!‘“‘“5“4 5P
B Paxtin Ptcm.’m’a .

15
Ci$2 @ @ ;
o O 't
YingEn
§ @
Nﬂn artnin t

O ;
154 GRE Ag ' 8
N 1"' ‘ 20 » um(}

i “2! g.‘@ @

@ Aztin cytaskertat

N A8 ‘ , oxc!m{a' @ . o
HD%? ; @l
L /;;\ ’* P AP

Teltiel)

[)Sb @ o "
m i
~d

TCF7LZ S TOE }l‘dmrmsm Iz

@ @

PRAR beta@ata) |

T ANR

odun

ERKI (MAPK3)

Figure 11B



WO 2017/065833 PCT/US2016/031155

11/14
LRRK2 in neurons in Parkinson's
disease

e | T 1
Y ksh Vo okt

Neuronal ceil
. Ubegustin
7 ] 3’ . ,’;CHKF’ £ HEPAG system of LIKEKY regutation
i " ”mwwmw«wmm‘»wmwmw.wamﬁm«v st
9%&—@% AP de®endent) - . .

+
. o o o

: CYWRN | &
%l?(}&‘?. Gangs

e Raa———_

B
PRy o

. P
ivira. syt ) ————— « AFF P
- agyregate : zd\v- 5-1 L2018 ap
< agye 2 o TR
{ tormation i % 7 OB
Bt il

Alpha synuclein s LIRKZ P

'S
B
B B B /

Y B

2 X X:
JGE AR 2RE AL2AY

Beta-pdaphn 2

® @ ;
SRR i
£ Geogs, 2

G IR
. © I ¥

{
: 3 \4
AP-Z abiha Subunts Crathn Haarvy @ - 1
@ chain MEKT 2™
e

5L

¥ VILZ {e 2t ROX {tadixiy) KIS {moesing “
Rt g

B

' . Tau (MAPT;
‘( “p ‘ o D
¥ AR : - ¥ e
AP compiex 2 A Tozuios | gl ; (B4 1 @ O
E\}ima‘;t ; ERKlZE ACIB Actin cyloplsumic 2
N ad @
presynampte vesicles

’ ¥ .
i B Tubitin
an rdcrolubidles

Cransnconted vesinle cycie

ey MyrrarieEion |
% reacrslutnles
LERKZ i evronss)

apapliss B
Parkinson's daease

Figure 11C




WO 2017/065833 PCT/US2016/031155

12/14

Figure 12A Figure 12B

Androstenedione and testosterone
biosynthesis and metabolism p.1/ Rodent version

b2 o HSpiTes AT o o ‘g
1&2‘8;‘7:57 wm»;

1162 dehydroepiandn F2-Fvd
sfong suifate

it it
Y a4 Ao i
HED17BY P sitide o o Ty
il
1141
e AREE: 31
HEITHR G igtha Tydrany- i “ 1
© o oo YT Diehys piane .
spandmsterone e reliipaniye ’
Fosidtate sleinne
Anrnsiendion i 5 9
CYPXH a5k 115 dphahyiory O
Peiyring
\Mf apEardanterong 1 Laiphia dasiro vy
e i i SHE TS EERIn Y
o CYPAL “"‘ugz - A ;
PP ey CYP3AG Cyant S Jame
TUAE/ERAY LR IR IE K A B S B IR R A
Esrogin
Biosynhes -

v ;

’ -
Fregunoiry:
and progshsrem
b s sy Tth
114141 el

o 6
o 2]

16 Nps-hytnxy-
arctosteredan

8 o

6 Haipha-hydrnsy

i A
wd ‘ : 24 pragestercne
1A WY Fupha-hydroxy Trphahytroxy 14494
lestosletone ardrostanedione
{estosterom AERGslenLEn ERE N T
11162
Extrogen Angostanedions and . Andrizlenedion 15} Extogen
basynthesix  trglosierons biasynthess 41' o, lesiostenne Diiythess hosynihosis
and metabdise p 3

arg manbaismp 2

Figure 13A



WO 2017/065833 PCT/US2016/031155

13/14

Role of ZNF202 in regulation of expression
of genes involved in atherosclerosis

7nF24 ?zg[a?m;

o o -
‘ i @@ . ‘Hs@w

; X
g“‘ TR a&w‘ @ . » ' LOL eelabeiin
At PR N = .

Stk i
- prodenrs :
" ks bty 3

@
i @ @ @ . Ligapertin Lipoptatein
et Acieneigr - i regsbioiiem | et 1
fenegor @ % APTRES Chytormargn, ViDL FL eestabaiin

A LOL mstadecpisr

Figure 13B



WO 2017/065833

14/14

PCT/US2016/031155

Oxidative stress_Role of IL 8 signhaling

pathway in respiratory burst

et

> T

@ iL-8

)

;@'

PUK cal ctase 18
{pHDgamma)

Prilosid 4 5ips

PEE MAPK

O -

PRC-zeta Prasphaticic
acxd
od
“*«.,z;«:éf” * @ - ««wj
N 1144
PLO ‘

* @

Lahptyiglyarel  Cholne
Jghumphoohotioe
. Neutrophi |

P

ERK12

P

;:22{,}(16::

S,

Cyloctrome b568

2]

AKT(PKB}

PAKY

OO

paT X

8 & @

. 2 . e
FB 7 phox 6
16
D

® @ @

KA OL2) KADIB+)
T OL2K

0 -

B-Diasygyoon
PKC-apha

PR Iyl
KO- buta Cai2 o

@‘ Cylos

b &

i
£330l @
Cod+) angaplasmic @
fediodum Litien
%
4

YpE Y phax

H23 rovaptor

1§ Reactive oxygen speces g
pravkiction

—

Figure 13C




PATENT COOPERATION TREATY

PCT

DECLARATION OF NON-ESTABLISHMENT OF INTERNATIONAL SEARCH REPORT
(PCT Article 17(2)(a), Rules I3ter.1(c) and (d) and 39)

Applicant’s or agen!'s file reference ’ Date of mailing (day/month/year)
02941029TA IMPORTANT DECLARATION 16 SEP 2016

Intemationa! application No. Intemational filing date (day/monih/year) (Earliest) Priority Date (day/month/year)
PCT/US16/31155 08 May 2016 12 October 2015

internationa) Patent Classification (IPC) or both national classification and {PC
IPC: C12Q 1/68; CPC: C12Q 2600/158

Applicant VIRGINIA COMMONWEALTH UNIVERSITY

This International Scarching Authurily hicreby declares, according to Article 17(2)(a), that no internationa) search report will be
established on the intemational application for the reasons indicated betow.

L. D The subject matter of the international application relates to:
a. [] scientific theories

mathematica! theories

plant varieties

animal varieties

essentially biological processes for the production of plants and animals, other than microbiological processes and
the products of such processes '

schemes, rules or methods of doing business

schemes, rules or methods of performing purely mental acts
schemes, rules or methods of playing games .
methods for treatment of the human body by surgery or therapy
methods for treatment of the animal body by surgery or therapy
diagnostic methods practised on the human or anima) body
mere presentations of information

i

3

0o000000 0000

computer programs for which this Intemational Searching Authority is not equipped to search prior art

2, D The failure of the following parts of the intemational application to comply with prescribed requirements prevents 8 meaningful
search fom being carried out:

[[] the description [0 techims [J the drawings

3.B¢} A meaningful search could not be carried out without the sequence listing; the applicant did not, within the prescribed time
limit:
] fumish a sequence listing in the form of an Annex C/ST.2$ text file, and such listing was not available 10 the
International Searching Authority in a form and manner acceptable to it; or the sequence listing fumished did not
comply with the standard provided for in Annex C of the Administrative Instructions.

D fumish a sequence listing on paper or in the form of an image file complying with the standard provided for in
Annex C of the Adminisoative Instructions, and such listing was not available to the Intermnational Searching
Authority in 3 form and manner acceptable to it; or the sequence listing fumished did not comply with the standard
provided for in Anaex C of the Administrative Instructions,

[[J rpay the required late fumishing fee for the fumishing of a sequence listing in response o an invitation under
Rule 13ter.1(a) or (b).

4. Further comments:
. Applicant failed to submit a valid elecironic seq. listing in respona to the ISA/225.

Name and mailing address of the ISA/ Authorized officer
Mail Stop PCT, Atin: ISA/US, Commissioner for Patents Blal h
P.O. Box 1450, Alexandria, Virginia 22313-1450 aine Copenheaver

PCY Helodesk; 5712724300
Facsimile No. 571-273-8300 PCY OSP: §71-272.7774

Form PCT/ISA/203 (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - pct-art17.2a

