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Renal SREBP-1 expression
is increased in

« Type 1 Diabetes

« Diet Induced Obesity and Insulin
Resistance (Metabolic Syndrome)

- Type 2 Diabetes
« Aging
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FXR KO Mice



FXR KO mice that have decreased FXR
expression in the kidney have increased
expression of SREBP-1c and its target enzyme
FAS that mediates fatty acid synthesis

FXR SREBP-1c FAS
1.2- _|_ 2.0 2.07
0.9- 1.5 p < 0.01 1.51 p<o.01
0.6- 1 T i
b<o001 10 1.0 T
0.3- 0.5- 0.5-
0 e 0

0
WT FXR KO WT FXR KO WT FXR KO



There is increased oil red O (neutral lipids)
accumulation in the glomeruli of FXR KO mice

Wild Type FXR KO




FXR KO mice have increased renal expression
of TGF-p, MCP-1, Nox4 and RAGE
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Farnesoid X Receptor (FXR)
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FXRo Isoforms
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FXRo Isoforms
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Fiorucci, et al. Trends in Molecular Medicine. 13(7):298-309, 2007.



FXR Regulates Bile Acid Metabolism
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FXR regulates BA transporters in the
liver, kidney and intestine

Hepatocytes

Fiorucci, et al. Trends in Molecular Medicine. 13(7):298-309, 2007.



FXR Regulates Lipid and Glucose
Metabolism

Triacylglycerols
. Cholesterol
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FXR Regulates Energy Metabolism
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Role of FXR in the
Kidney

* Diet Induced Obesity Mice
treated with FXR agonists

» Diabetic (db/db) Mice
treated with FXR agonists



C57Bl/6 Mice fed a
high fat diet (Diet
Induced Obesity and
Insulin Resistance)
treated with FXR
Agonists



Treatment of mice with FXR agonist GW4064

induces FXR and SHP and downregulates
SREBP-1c and ChREBP mRNA
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Treatment of mice with FXR agonists
mduce SHP and downregulate SREBP-1c

SHP mRNA
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Type 2 diabetic
db/db mice
treated with FXR
agonists




Short-term Studies
with GW4064: a

synthetic activating
ligand of FXR




Synthetic FXR ligands
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Effects of 1-wk 6W4064 treatment

in C57BLKS/J db/db mice

db/m db/db db/m + db/db+
GW4064 GW4064
Body weight (g) 23.45+£0.53 34.45+£0.952 22.19+£0.42 33.64+1.48
Blood glucose (mg/dl) 139.21+9.0 475.7+11.52 126.519.1 447.8+22.9
Plasma triglyceride 41.7618.41 47.03+4.45 36.941+6.47 48.34+4.49
(mg/dl)
Plasma cholesterol 92.261+6.88 105.28+5.49 53.51+2.392 73.52+2.57"

(mg/dl)

Data are means = SE (n=8 mice in each group): a=p <0.01 vs. db/m;
b=1p <0.01 vs. db/db.



Treatment of db/db mice with GW4064
resulted in significant attenuation of
extracellular matrix protein

Fibronectin mRNA (arbitrary unit)
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Treatment of db/db mice with GW4064
resulted in decrease in accumulation of
kidney fibrosis markers a-SMA and FSP-1

20 - 14
918- s,
= 12
S 16 =
214 2 10 -
Y
2 1 h=
- 10 Z
< 6 4
2 z
g 6 E 4
< -
4
z s,
) [
3
0 0 I T 1

db/m db/db db/m db/db db/m db/db db/m db/db
Vehicle Vehicle GW4064 GW4064 Vehicle Vehicle GW4064 GW4064



Treatment of db/db mice with GW4064
resulted in decrease in profibrotic growth
factors including TGF-p and PAI-1
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MCP-1 mRNA (arbitrary unit)
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Treatment of db/db mice with GW4064
resulted in decrease in proinflammatory
cytokines including MCP-1 and TNF-a
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Treatment of db/db mice with GW4064
resulted in decrease in NADPH Oxidase
expression including Nox2

Nox2 mRNA (arbitrary unit)
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Treatment of db/db mice with GW4064
resulted in decrease fatty acid synthesis
pathways including SREBP-1¢c and SCD-1
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Long-term Studies
with cholic acid: a

natural activating
ligand of FXR



Treatment of db-db mice with cholic acid
resulted in inhibition of mesangial expansion
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Treatment of db/db mice with cholic acid
resulted in decreased accumulation of
extracellular matrix proteins
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Treatment of db/db mice with cholic acid
resulted in decreased expression of
kidney fibrosis markers

a-SMA FSP-1
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Treatment of db/db mice with cholic acid
resulted in decreased proteinuria

Albumin/Creatinine
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Treatment of db/db mice with cholic acid
resulted in decreased kidney triglyceride
and cholesterol accumulation

Triglyceride Cholesterol
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Treatment of db/db mice with cholic acid resulted in
inhibition of pathways that mediate fatty acid and
triglyceride synthesis
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Treatment of db/db mice with cholic acid
resulted in decreased renal expression of
profibrotic growth factors

TGF-B CTGF

In

| | 0
O Wr db/db WT db/db O Wr db/db WT db/db WT db/db WT db/db
- - + + CA: - - = = :

* p<0.05 vs. WT; ** p<0.01 vs. WT; *** p<0.01 vs. db/db




Treatment of db/db mice with cholic acid
resulted in decreased renal expression of
proinflammatory cytokines

TNF-a IL-6

0 WT db/db WT db/db 0 WT db/db WT db/db WT db/db WT db/db
- - + + CA: - - = = :

* p<0.05 vs. WT; ** p<0.01 vs. WT; *** p<0.01 vs. db/db




Treatment of db/db mice with cholic acid

resulted in decreased renal expression of
NADPH Oxidase

Nox2 p47
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Is there a direct
effect of FXR
independent of

systemic effects to
modulate renal response
to diabetes?



Mesangial Cells
overexpressing FXR



Increased expression of FXR
in mouse mesangial cells

FXR protein
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Increased expression of FXR in mouse mesangial
cells induce SHP and inhibit SREBP-1c

SHP mRNA
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Mesangial Cells
treated with FXR
agonists



Treatment of mesangial cells with a selective
FXR agonist prevents glucose and FFA
induced upregulation of FAS and glucose

induced upregulation of L-PK
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In mouse mesangial cells glucose causes
upregulation of SHP and FXR: treatment
with GW4064 induces further upregulation
of SHP and FXR
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FXR agonist prevents glucose induced upregulation of
fatty acid synthesis, TGF-B, and IL-6
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Summary

Diabetes
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Future Studies

* Generalized FXR knockout or
transgenic mice on the FVB or
DBA/2J genetic background

» Cross breed with Akita mice
or db/db mice on the FVB or
DBA/2J background



Future Studies

* Kidney podocyte or proximal
tubule specific FXR knockout
or transgenic mice on the FVB
or DBA/2J genetic background

» Cross breed with Akita mice
or db/db mice on the FVB or
DBA/2J background



Future Studies: FXR
agohist studies in

- Type 1 Diabetes

« Diet Induced Obesity and Insulin
Resistance (Metabolic Syndrome)

« Type 2 Diabetes
« Aging
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