ANl VAL MODEL FOR DI ABETES The present invention relates to a nethod of
produci ng a di abetic nouse which can be used in a nethod of identifying
conpoundswohaty/sarisr ever se di abetes and are suitabl e forCiimpreswoioy e
therapy in diabetes and its conplications. The past decades have w t nessed
a dramatic increase in the preval ence df obesity and type- 2-diabetes (T2D)
primarily in US but also progressing in Europe and in devel opi ng countri es.
Al'l over the world, T2D represents 85-90% of all the cases of diabetes
(inherited insulin-dependent diabetes or TID and
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i ncleagegous organs (particularly muscle, liver, and adipose tissue). Insulin also regulates Hepatic
Glucose Production (HGP) via controlling the expression of the gene encoding glucose-6-
phosphatase and inhibits lipolysis in adipose tissue. Impaired insulin action (i.e. insulin

resistance) occurs when target tissues are unable to respond to normal concentrations of insulin.

Once this dysregulation starts and in absence of treatment, beta-cells secrete increased

20 amount of insulin (=hyperinsulinemia) to maintain euglycemia (normal circulating glucose
levels). However, in the absence of treatment, beta-cells fail producing enough insulin, leading to
increase in circulating glucose (hyperglycaemia). As long as enough beta-cells will be viable and

will be secreting the appropriate rate of insulin to maintain euglycemia, T2D does not arise. The
mechanisms leading to insulin resistance have been extensively explored during the past years by

25 many groups. It is widely accepted that the accumulation of free fatty acids (FFA) in insulin-
sensitive non adipose tissues (liver & muscles), can impair insulin-mediated-glucose uptake in
these tissues. Moreover, increased lipid production by the liver enhances fatty acid oxidation,
decreases insulin-dependent inhibition of hepatic glucose production and, therefore, increases

gluconeogenesis (GNG), further worsening the hyperglycaemia.



gl uconeogenesis (GNG, further worsening the hypergl ycaem a. Devel opnent of
T2D i s associated wth other netabolic disturbances. The cluster of insulin
resi st ancwQ 20mp3s17€d gl ucose tol erance, arterial hypert @eaSiEpagooAabidesri nal
obesity and dyslipidem a, called netabolic syndronme (Syndronme X), has been
defined by the Adult Treatnent Panel 142 (ATPII1) as a grouping of factors
that underlie nmajor cardiovascular risk. Many preclinical studies suggested
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peripheral fat depots. Thus PPAR-gamma activation increases fatty acids storage in peripheral
adipocytes, lowers circulating fatty acids and reduces triglycerides levels in muscle and liver.
PPAR-gamma drugs alter the expression of several circulating factors such as adiponectin, TNF
alpha and resistin, the levels of which are highly correlated to insulin resistance and the response

25  to therapy.

Appropriate animal models of T2D and insulin resistance are essential preclinical tools
for characterizing in vivo efficacy of therapeutic agents. Most of the animal models of T2D that
have been developed in the past 20 years are based on genetic mutations. Spontaneously diabetic
(or insulin resistant and obese) rodent models such as, db/db and ob/ob mice, GK, ZDF and fa/fa

30 rats are most commonly used worldwide in drug discovery.

Due to this rapid metabolic deterioration, reversion of main feature of T2D in ZDF rats is
not achieved by marketed anti-diabetics (Rosiglitazone (PPAR-gamma) and Raziglitazar (PPAR
alpha gamma)). Prevention of T2D was shown to be achieved, however, in ZDF rats under
chronic treatment (13 weeks) (Shibata et al., 2000) or in very young and only moderately

35 diabetic animals (Brand et al., 2003; Pickavance et al., 2005). It was reported by one team that in
a slightly different T2D model called the VDF rat (Vancouver Diabetic Fatty), derived from
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the high fat high sugar diet occurs for about 22 weeks. In a further
preferred démbopdifereett ernbredimontgbe mousmisa male meluschow di et until the start of
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In a further preferred embodiment the mouse is on a normal chow diet until the start of the

feeding the high fat high sucrose diet.

In yet another preferred embodiment the chow diet comprises KLIBA 3436 diet. The
detailed composition of KLIVA 3436 diet is given in figure 4.

20 In a further preferred embodiment the high fat high sugar diet is a custom made SSNIFF
D12492 modified 60% Kcal fat diet. The detailed composition of SSNIFF D12492 modified 60

% Kcal diet is given in figure 5.

In a second aspect the present invention provides a method for producing a non-human

animal model for complications of type 2 diabetes, said method comprising feeding a mouse of

25 the age of about 9 weeks for about 30 weeks with a high fat high sugar diet. Mice that have been
fed for about 30 weeks with the high fat high sugar diet are a suitable animal model for insulin

resistance, obesity, type 2 diabetes and type 2 diabetes complications.

In a preferred embodiment the feeding of the high fat high sugar diet occurs for about 32

weeks.

30 In a second aspect, the present invention provides a method for identifying and/or testing

compounds for the treatment of type 2 diabetes and/or its complications. Said method comprises
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contact w tl\?oregvercﬁ{%d nglﬁ f®152MBP 'ﬁn1%0u oef the present invention, to which a candidate
compound has been administered, can be measured as an indicator value having correlation with

20 insulin resistance, obesity and/or type 2 diabetes. When the measured insulin level is lower than
that of a control animal, which has not been in contact with the candidate compound, the

candidate compound can be selected as a therapeutic agent for the treatment of type 2 diabetes.

The animal model of the present invention allows to test compounds for their ability to
treat complications associated with type 2 diabetes such as e.g. nephrotoxicity and NAFLD,
25 since the mice of the present invention develop complications associated with type 2 diabetes
e.g. nephrotoxicity and NAFLD. For example, a test compound can be tested for its ability to
treat type 2 diabetes as described above and for its ability to treat complications associated with
type 2 diabetes by determining whether the compound can revert and/or alleviate type 2 diabetes
complications developed by the animals of the present invention such as e.g. nephrotoxicity and

30 NAFLD.

Examples of candidate compounds include a peptide, a protein, a non-peptide compound, a
synthetic compound, a fermented product, a cell extract, a cell culture supernatant, a plant
extract, a tissue extract and blood plasma of mammal (e.g. a mouse, a rat, a swine, a bovine, a
sheep, a monkey, a human, etc.). Such compounds may be either novel compounds or known

35 compounds. These candidate compounds may form salts. Examples of such salts of candidate
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Figure 3 shows fasting plasma insulin levels of mice after 19 — 22 weeks on special diet vs.

chow diet (DIO = diet induced obesity). It can be seen that high fat/sucrose (HF-HS diet) fed

mice develop fasting hyperinsulinemia,
20 Figure 4 shows the composition of KLIBA 3436 diet,
Figure 5 shows the composition of ssniff ™MEF M D12492 mod. 60% fat energy diet,

Figure 6a shows H & E staining of liver of 42 week old DIO mice (high fat diet). It can be

seen that high fat/sucrose (HF-HS diet) fed mice develop severe hepatic steatosis,
Figure 6b shows H & E staining of liver of a 25 week old chow diet fed mice (control),
25 Figure 7a shows Sirius red staining of liver of 42 week old DIO mice (high fat diet),

Figure 7b shows Sirius Red staining of liver of 25 week old chow diet fed mice (control), It
can be seen that high fat/sucrose (HF-HS diet) fed mice develop severe hepatic fibrosis,

Figure 7c shows Trichrome Masson staining of liver of 42 week old DIO mice (high fat
diet). It can be seen that high fat/sucrose (HF-HS diet) fed mice develop severe hepatic steatoss,
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Experimental part

Diabetes and obesity induction in mice

15 — Providers of mice: Charles River Germany
— Background: Male C57BL/6J mice

— Housing conditions: Standard-12 hrs light cycle,

— Diet: Normal chow diet until the age of 9 weeks, then animals put on High Fat High
Sucrose (HF-HS) (Energy: 60% from fat, 20% from sugar- SSNIFF D12492 mod.) for
20 14 weeks and transferred to Roche at the age of 23 weeks.

— Adaptation period: in Roche for 6-20 weeks, animals maintained on HF-HS dict

— Lean Control animals: Group of 10 animals kept under standard chow diet
KLIBA 3436

— Animals ready for experiments at the age of 29-31 weeks or 42 weeks for the study of

25 diabetic complications

— HF-HS diet maintained during the experimental phase
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e Moderate to severe diffuse macrovacuolar hepatocellular vacuolation which correlated

with diffuse macrovacuolar lipid deposits (confirmed by fat stain) (Fig. 6a vs. Fig. 6b)
20 e Minimal to slight bile duct and Kupffer cell hyperplasia (Fig. 6a vs. Fig. 6b)
e Minimal to marked infiltration of mononuclear inflammatory cells (Fig. 6a vs. Fig. 6b)

¢ Minimal to moderate fibrosis (confirmed by Sirius Red and Trichrome Masson stain)
(Fig. 7a and 7¢ vs. 7b)

25 Table 1

NASH in 42 wk-old DIO mice

Incidence of relevant liver changes in DIO mice
25wkold 25wkold 42wkold

chow DIO DIO
Bile duct hyperplasia 0/10 010 710
Kupffer cell hyperplasia 0/10 0/10 5M10
Lipid deposits, macrovacuolar, diffuse 0/10 8/10 7110
Infiltration, mononuclear 5110 7110 8/10

Fibrosis 1710 210 10/10



Mnimal to noderate fibrosis (confirnmed by Sirius Red and Trichrome Masson
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Wi tf@“%aﬁ’ée@ﬁﬁft &dbetes than other causes. Dialysis may be necessary once end-stage renal disease
develops. At this stage, a kidney transplantation must be considered. Even after initiation of
dialysis or after transplantation, people with diabetes tend to do worse than those without
diabetes.

The goals of treatment are to slow the progression of kidney damage and control related

20 complications. The main available treatment, once proteinuria is established, is ACE inhibitors
and angiotensin receptor blockers, which usually reduce proteinuria levels and slow the
progression of the disecase but have several issues. The key issue is that despite an effective
treatment, the residual risk for ESRD (End Stage Renal Disease) in patients with diabetic
nephropathy remains high (~16%). If a new drug can provide a substantial relative risk reduction

25 Dby delaying glomerulosclerosis this will also result in a major absolute risk reduction.

There is a great medical need for medications that will prevent or slow down the
occurrence of diabetic nephropathy in a more efficient way and for treatments that are better

tolerated and have fewer adverse effects.

The following lesions were observed by histological evaluation in kidneys of 42 week old
30 DIO mice vs. 25 week old DIO mice and 25 week old chow fed lean mice (see figure 8):

e Minimal to slight glomerular hypertrophy (Fig. 8a vs. Fig. 8b)
e Minimal to marked mesangial expansion (Fig. 8c vs. Fig. 8d)

e Minimal to slight glomerulosclerosis (Fig. 8c vs. Fig. 8d)
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control related conplications. The main avail able treatnent, once
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wi t hi n vetieusd opbodiéd & prﬁdlldedwrlﬂrgl ticacons ddithé foélomngdclmsmd of producing a
non- human ani mal nodel for insulin resistance, obesity and type 2 diabetes
conprising feeding a nouse of the age of about 9 weeks for about 20 weeks
with



a high fat high sugar diet. 2. The nethod of claim1, wherein the nouse is
a mal e nmouse. 3. The nethod of claim1 or 2, wherein the nouse is a
C57BL/ 6J wous®/138778 The net hod of clainms 1 to 3, wherei nPChEPR@OMFING6 Oof t he
hi gh fat high sugar diet occurs for about 22 weeks. 5. The nmet hod of cl ains
1 to 4, wherein the nouse is on a nornrdf- chow diet until the start of the
feeding the high fat high sucrose diet. 6. The nethod of clains 5, wherein
the chow diet conprises KLIBA 3436 diet. 7. The nethod of clains 1 to 6,
wherein the high fat high sugar diet is a custom made SSNI FF D12492

nodi fied 60% Kcal fat diet. 8. The nwutilhes of clains 1 to 7 for producing a
non- human ani mal nodel for conplications of type 2 diabetes conprising

feeding th use for. about 30 weeks with hi fat high sugar diet. 9

The. et hod Tof SRaHh & i p gt pabapi® s hheti B SRR, ik b o

occur s tymr2 disbetes @anmesakesfeedifg aAnomst b thefage off dentt iOfwéahg famdbdbor 2G wstkisrvgth

CO”Q@“%Qﬁliﬁ%h&ﬂ%u%&Qﬁ%nﬁnt of type 2 diabetes and/or its conplications,
2a, % ; rdit.

conprisin e ste adm ni stering a conpound of interest to a nouse
produced by a nethod of clains 1 to 9 and determ ni ng whet her di abetes

and/ or at PedB¢ msHeder claig 1o whpicincthe s Bragmpleyerused by sai d conpound. 11.
Use of a nouse of clains 1 to 9 for the identification and/or testing of

conmpounds f30Th¢ hetHodedthmntl @f2, twpeirkthdingthiet 8 @MEI06] thaasd. r eat ment  of
conplications associated with type 2 diabetes. 12. The invention as herein

before des‘iﬂ 'Tlﬁg %iethod of claims 1 to 3, wherein the feeding of the high fat high sugar diet occurs

for about 22 weeks.

10 5. The method of claims 1 to 4, wherein the mouse is on a normal chow diet until the start
of the feeding the high fat high sucrose diet.

6. The method of claims 5, wherein the chow diet comprises KLIBA 3436 diet.

7. The method of claims 1 to 6, wherein the high fat high sugar diet is a custom made
SSNIFF D12492 modified 60% Kcal fat diet.

15 8. The method of claims 1 to 7 for producing a non-human animal model for complications
of type 2 diabetes comprising feeding the mouse for about 30 weeks with a high fat high sugar
diet.

9. The method of claim 8, wherein the feeding of the high fat high sugar diet occurs for

about 32 weeks.

20 10. A method for identifying and/or testing compounds for the treatment of type 2 diabetes
and/or its complications, comprising the steps of administering a compound of interest to a
mouse produced by a method of claims 1 to 9 and determining whether diabetes and/or at least

one of its complications are reversed by said compound.

11. Use of a mouse of claims 1 to 9 for the identification and/or testing of compounds for
25 the treatment of type 2 diabetes and/or the treatment of complications associated with type 2

diabetes.

12. The invention as herein before described.



