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The economic burden of kidney disease

* Hypertension and Diabetes are the leading cause of end stage renal disease. 66%
of new cases.

* Number of patients with chronic renal disease is exploding currently estimated at
30 million or 13% of the population.

* Currently, approximately 500,000 Americans have been diagnosed with kidney
failure. The number of Americans with this advanced stage of the disease is
expected to grow to 785,000 by 2020.

* The annual cost of treating kidney disease is $42 billion, 25% of Medicare
spending.

* There is a critical need for development of new therapies to slow or reverse the
progression of chronic kidney disease.

http://www.asn-online.org/facts_and_statistics/kd-health-threat



Impaired autoregulation and 20-HETE, MMP2,TGF-B Interaction
in the Pathogenesis of Renal Disease
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TGF Responses in Dahl S and R Rats
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Effect of 20-HETE on TGF
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Effect of 20-HETE on Myogenic Response
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Pgc during the During the Development of
Hypertension in Dahl S rats
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MMP-2 and TGF-B1 levels in Dahl S rats fed
either a low salt or high salt diet
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MAP (mmHg)
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XL784 reversibility study in Dahl S rats
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Effect of Hypertension on the Expression
of TGF-3 in Dahl S Rats
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Effect of TGF-8 Ab on Proteinuria and Glomerular
Injury in Dahl S Rats fed a High Salt Diet for 3
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Figure 1 B
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Labeling and Isolation of Glomeruli and Imaging
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Figure 3A

110 -
100 233
. | 5 g,
g 90 VAA b 9¥.
QJ “A %.%‘...
g 80 7 ‘,A ....
() A ....‘.
- \
S 70- .
LL TR &
X 60
—o— 6-5% (12, 59) TAK
50 4 —o— 6-4%(16,108) AR
—v— 6-3% (17, 98)
—A— 6-2% (26, 100
40 | 0( | ) | | |

0 10 20 30 40 50
Time(seconds)



Figure 5B
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% Fluorescence
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Effect of Hypertension on Glomerular Capillaries
In Dahl S Rats
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Evidence Linking P4504A to salt sensitive
Hypertension in Dahl S Rats

The formation of 20-HETE is decreased in the kidney in Dahl S rats compared to
other normotensive and hypertensive strains of rats.

20-HETE production in OM is reduced in Dahl S rats which contributes to elevated
loop CI- reabsorption in TALH. 20-HETE production is decreased in glomerulus
but vascular production does not seem to lower than other strains.

Chronic treatment with Fibrates increases the renal formation of 20-HETE,
improves pressure natriuresis, and reduces blood pressure in Dahl S rats.

The CYP4A region on chromosome 5 cosegregates with hypertension in a Dahl S X
Lewis F2 cross.

CYP4A genes are located on rat chromosome 5. Do they contribute to
Hypertension in Dahl S rats?



Consomic rats are single chromosome substitutions

Genomic applications - PGA
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Blood pressure targets captured in the SS.BN Consomic strains
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Telemetry Confirmation of renoprotective phenotype in SS.58N rats
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CYPA4A expression in the kidney of SS and SS.58N rats
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Chronic administration of HET0016 reverses the phenotype of SS.5BN rats
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Sequencing of CYP4A3 cDNA

« 2140bp >
13 . 1536
ATTACCAIG CbS TAAJATCT....ACTTC
l 430 503 958 1111/2
E1 R E2  ES3 Hn E4 R ES R E6  E7 1 E8 1 E9 H E10 1 E11
C430T  A503G ANMNG
(Arg-Trp) (Asn —Ser) (Leu — Leu)
| | | ]
Ref Seq
NM 175760 SD ccagcaatc... gtcaatataat ............ .attcatgttt... gataccttacacc
SS1 ccagcaatc... gtcagtataat ............ .attcatgttt... gatgccttacacc
SS2 ccagcaatc... gtcagtataat ............ .attcatgttt... gatgccttacacc
SS3 ccagcaatc... gtcagtataat ............ .attcatgttt... gatgccttacacc
SSBN51 ccagcaatt.. gtcaatataat............. attcatgttt... gataccttacacc
SSBN52 ccagcaatt.. gtcaatataat............. .attcatgttt... gataccttacacc
SSBN53 ccagcaatt.. gtcaatataat............. .attcatgttt... gataccttacacc



Creation of GFP transgenic rats using Sleeping Beauty transposon

MCW, Guertz and Jacob

Add3, Dusp5 in FHH, 4A1 in SS rats
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Zinc finger nuclease KO technology (MCW, Guertz and Jacob)

Agouti Coat Color
Phenotype

Fok1l nuclease domain Zinc finger motifs

ITTCITTC|C CI'CGCGTIGGG|GA

AN 7
E':LﬁG!A&G!GGG?GCGC%{CCCCT%TT

ZFN-L ZFN-R
M Tla Cle Thr Val Pha Wal Asp Val Cly

TGTGTCIGEGCCTeCOGTGET TCATCCAGACAGTaTTTat L LG TGEACGTGEECT COCDGETGEATGT CAACA [ +4)
TGT GGG CTeCOGTGET TCATCCAGACAGTatgt ctgtgga LT T TS TGEACGTEEGCTOCCOEGTEEA (+12)

PNAS, 2006 103(44): p16370-16375
Nature Biotech, 2008. 26(6): p 702-708 MCW’ Omeara and Jacob

KO Add3, Dusp5 in FHH.1BN congenic, 4A2 in SS.BN5, MMP, TGFb in SS

34



The FHH rat

The FHH rat is a genetic model of hypertension-induced renal disease
® Proteinuria- QTL chr 1
® Focal glomerulosclerosis
® Systolic hypertension (late)
® Pulmonary Hypertension
® Bleeding disorder
® Coat Color

Kidney Int Suppl 45: S2-S5, 1994




Substitution of Chromosome 1 from the BN rat
restores the autoregulation of RBF in FHH rats
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Pgc is elevated in FHH rats

Glomerular capillary
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MMP-2 and TGF-B1 levels are increased in the
kidneys of FHH rats at 21 weeks
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Dilutional Palb measurements in SD and FHH rats
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Infusion of FITC albumin in FHH and FHH.1BN congenic rats
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Unbiased Discovery Based Approach:
Consomic rats are single chromosome substitutions

MCW: NHLBI program for
Genomic applications — PGA
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Albuminuria in FHH treated with LNAME
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Transfer of Chrm 1 restores autoregulation of RBF in the FHH rat

RBF (ml/min/g)
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Genetic map illustrating the introgressed regions in FHH.1BN AR+ congenic strains

Strains

A. Control

B. AR+

C. AR+ (original)
D. AR-

E. AR+ (new)

FHH BN A B C D E

D1Rat20G17B-32 =T~ 255.1 = 7
D1Rat20G17B-34 —}— 255.7 /
D1Rat20G178-21 —— 256.2 ! Similar to ribosomal protein L8
D1Rat20G17B-6 —t— 256.6 | Soluble aminopeptidase P1
! Max interactor 1
D1Rat85 ——257.6 / Adducin 3 (gamma)
1 Survival motor neuron domain containing 1
D1Ratsa7 _| 258.6 _ LOC499376
D1Rat848 ~[ 258.9 Dual Specificity Phosphatase 5 (DUSP 5)
D1Got253 _|_ 259.4 Structural maintenance of chromosome 3
S RNA binding motif protein 20
Programmed cell death 4
D1Got251 =7=260.6 Soc-2 (Suppressor of clear) homolog
D1Rat888 _| 260.9
D1Rat225 = 261.2 — - — — =
Region (Mb) 6.1 46 2 2.6
Genes 19 17 6 11

Autoregulation - + - + + - +

Left: indicates the location of genetic markers used to genotype the animals on chromosome 1 in FHH rats.
The closed and open filled bars refer to Fawn hooded-hypertensive (FHH) and Brown Norway (BN) genomes, respectively.
Right: indicates known candidate genes in the 2.6 Mb region of interest. AR= Auto regulation; + present; - present



FRH BN A B C D E
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Restoration of myogenic response in AR+ FHH.1BN congenic strain E
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Restoration of RBF autoregulation mitigates proteinuria and renal injury
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Decision tree for the prioritization of candidate genes
for transgenic studies.

E’ositional candidates

Qumma't.mma cDNA Slequence

Differentially Expressed

—r_________._r Stopcodon splice variant or
o NO ) ) Point mutation altering protein
Stﬂp Comparatwel Seq. Analysis structure
Sequence Yariant in Regulatory Element Yes iNDL
Yes \ NDJ\ Candidate for Transgenics Stop
Alter Promoter activity Sequence Variant in Conserved Region
No Yes\ ;es Oa
’( Stop

Stop Candidate for Transgenics



SNP analysis in coding region of Add3 gene: 37 SNPs

Exon/Intron Exon2 Exon2 Exon13
MRNA Position of SNP 147 229 1847
ENSRNOT0O0000017600(BN) C/Threonine C/Aspartic Acid A/Lysine
NC-0015100.2(SD) C/Threonine C/Aspartic Acid A/Lysine
NM-031552(SD) G/Serine T/Aspartic Acid C/Glutamine
BN gDNA C o A
AC| gDNA o T A
FHH gDNA G T C
SHR gDNA G T A
FHHRY mRNA G T C
FHHCV mRNA G T C
FHM8RYV mRNA o o A
FHM8CV mRNA C C A
SHR mRNA G T A

19 SNPs in Dusp5 gene




FHH and FHH.1BN congenic rats

FHH FHH.1® Control AR+ (AR+D1Rat20G178-6)
D1Rat265 ——p— 204 Mb - —

DiRat183 __ | 131.1Mb__ |

D1Rat210 145.8 Mb Rab-38 - responsible for the re-uptake of filtered protein

in the proximal tubules

D1Rat47 158.5 Mb

D1Rat287 190.2 Mb

DIMit18 224.5 Mb

D1Rat20G17B-6 256.6 Mb llca n d i d ate regio nn
D1Rat888 260.9 Mb
<+
?

D1Mit14 266.2Mb -
Autoregulation of RBF = + -

Proteinuria + - +



Rab38 Sequencing

Sequencing Western Blotting
FHHBNRab3s  [] | ﬁ C AGACA &
FHH A TJIC AGACA s & &
ATAC AGACA

—_— -~ e Rab38
- @ @ carox

Rab38 protein detection by western blot

Rab 38 regulates reuptake and processing of filtered albumin




Reasons for lack of progress in preventing diabetic
nephropathy

 Problem:

No rodent model of diabetic nephopathy exhibits
progressive renal disease and lesions resembling those
seen in man. Cell models not particularly informative.

* Solution: We combined the genome of the FHH rat that
develops renal disease but not diabetes with that of the
GK rat that develops type Il diabetes but not renal disease.
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Proteinuria (mg/day)
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Glomerular Basement Membrane in 12 month T2DN Rats




Effect of tight diabetic control on diabetic nephropathy
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MMP2 levels
(pg/mg of protein)

MMP-2 and TGF-B1 levels in T2DN rats
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Protein excretion (mg/day)

Effects of XL784 on proteinuria in T2DN rats
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Effect of an ACE Inhibitor and MMP on

diabetic nephropathy
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