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Current AMDCC Nephropathy 
Investigators/Projects

Erwin Bottinger/Katalin Susztek– Role and Mechanisms of Epithelial Injury in 
Diabetic Nephropathy 

Chip Brosius/Mattheus Kretzler– Recapitulating transcriptional pathways of human 
diabetic nephropathy in mice

Tom Coffman/Susan Quaggin– Angiogenic Signals in Diabetic Complications 
Ray Harris/Takamune Takahashi– Endothelial Dysfunction in Diabetic

Nephropathy
Moshe Levi– Novel Models of Diabetic Nephropathy
Kumar Sharma– Adiponectin and Nox 4 in Diabetic Kidney Disease
Oliver Smithies/Nobuyuki Takahashi– Bradykinin, Nitric Oxide and Mitochondrial 

DNA Damage in Diabetic Complications

http://www.amdcc.org/shared/investigators.aspx?id=11�
http://www.amdcc.org/shared/investigators.aspx?id=19�
http://www.amdcc.org/shared/investigators.aspx?id=70�
http://www.amdcc.org/shared/investigators.aspx?id=170�
http://www.amdcc.org/shared/investigators.aspx?id=169�


Ongoing Consortial Characterization Studies of 
Models of Diabetic Nephropathy

Ins2Akita model - strain optimization
Breyer, Brosius, Coffman, Harris, Takahashi

Streptozotocin model- strain optimization
Coffman, Susztek, Takahashi

Maneuvers to accelerate nephropathy
Breyer, Coffman, Harris



AMDCC approach to complications

Diabetic Complications

Common 
pathwaysSpecific changes

Human Mouse

Specific changes

(apologies to Chip Brosius)



Potential stimuli for O2- · generation are shown at the top. Dotted lines show feedback effects of O2- · on xanthine oxidase 
(XO) and endothelial  nitric oxide synthase (eNOS). AGE, advanced glycation end-product; BH4, tetrahydrobiopterin; ET-1, 
endothelin-1; GSH, glutathione; XDH, xanthine dehydrogenase.
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ROS
Lipids

FXR-Levi
Adiponectiin-Sharma

CD36-Susztak/Bottinger

Endothelial Dysfunction
eNOS-Harris, Smithies

PGIS-Harris
Bradykinin-Smithies

VEGF-Quaggin/Coffman

Cytokines/Signaling
Jak/STAT-Brosius
TGF-ß-Bottinger
NFκB- Kretzler
RAS- Coffman

Regulation of  Oxidant Stress
Nox4-Sharma

SOD-1 Takahashi/Harris
HIFs-Coffman

Mitochondrial 
Dysfunction

Bottinger
Smithies

Current AMDCC Nephropathy Investigators/Projects
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Generating Endothelial-Specific Knockouts of 
Endothelial Nitric Oxide Synthase and 

Prostacyclin Synthase
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In microvasculature, eNOS-derived NO controls basal
tone and vascular permeability and inhibits platelet
aggregation and neutrophil adhesion.Hyperglycemia
per se produces reductions in eNOS expression,
eNOS activity and NO availability in cultured cells

In early diabetes eNOS mRNA and protein expression
increases in the vasculature in early diabetes but activity
markedly decreases.

In established diabetes of longer duration, vascular
eNOS expression decreases.

eNOS



In addition to vasculature, eNOS is also expressed in:

Cardiac myocytes
Thick ascending limb
Pulmonary epithelial cells
Adipocytes
Platelets
Hippocampus
Dorsal root ganglia
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Wild-type allele

Floxed eNOS allele

“Neo-removed” floxed 
eNOS allele

Floxed eNOS x 129 Flpe

Generation of Floxed eNOS mouse



1    2    3     4 5      6     7     8    9   10 11 12     13     14    15

Cre genotyping

1    2     3 4    5  6 7    8   9   10   11  12  13     14    15

1    2     3 4       5    6     7    8   9    10    11    12   13    14    15

eNOSflox/flox mice were crossed with Tie-2 Cre Mice

eNOSflox/flox genotyping  

eNOS deletion in Lung 

+ ?



Floxed PGIS



 

 

Targeting Prostacyclin Synthase



Floxed ptgis Mouse
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• Two targeted ES cells were picked for cystoblast 
injection (1C11 and 3D8)

• First injection (2007)
– 1C11, 3 chimeras (2 male and 1 female). One male chimera had 

color coat germline transmission, but no transgene transmission.
– 3D8, 4 chimeras (3 male and 1 female). None had germline 

transmission.

• Second injection (2009)
– 1C11, 4 chimeras (male). One had both color coat transmission 

and germline transmission of transgene.
– 3D8, 5 chimeras (male). None had germline transmission.

1400 2800 4200 5600 7000 8400 9800 11200 12600 14000 15400 16800

5' arm 5' arm [Split] 3' arm PKG-Neo E2E1

  

 

 

 

 

   

SA-IRES-
EGFP

477 bp



Ongoing Characterization Studies

1 Characterization of eNOS-/-db/db Mice
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db/db eNOS-/- 16 wks db/db eNOS-/- 26 wks

db/db eNOS-/- 26 wks



ACE Inhibition Decreases Glomerulopathy in eNOS db/db Mice

control



eNOS db/db                               eNOS db/db + captopril 

ACE Inhibition Decreases Glomerulopathy
in the eNOS db/db Model



ACE Inhibition Decreased Oxidant Stress and
Macrophage Infiltration in eNOS db/db Kidneys

Nitrotyrosine and 4-HNE                              F480

control                captopril                         control                 captopril



Wild type         17                   26                 36                    52

Progression of Nephropathy in db/db Mice
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Glomerular Filtration Rate in db/db Mice

0

100

200

300

400

500

G
FR

 (
u

l/
m

in
.)



There Was No Significant Change in Glomerular 
eNOS Expression in db/db Mice
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There Was Increasing eNOS Uncoupling 
With Age in db/db Mice

Dimer
monomer
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Effect of Phosphorylation on eNOS Activity

Inactive eNOS
Ser 1179/1177-OH
Thr 497/495 - P

Active eNOS
Ser 1179/1177-

Thr 497/495 -OH
P
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There Was Reduced Ser 1179 Phosphorylation in 
Aging db/db Mice, While Thr 479 Phosphorylation 

Was Not Altered

Thr 479

β actin

Ser 1179

β actin

WT     17       26       36        52 wks WT     17       26       36        52 wks

Ser 1179 phosphorylation         Thr 479 phosphorylation



2 Characterization of AkitaSOD1-/- Mice



Isoforms of Superoxide Dismutase (SOD)

1) SOD1 (Cu/Zn SOD): Cytosol (and Mitochondria)

2) SOD2 (MnSOD): Mitochondria

3) SOD3 (ecSOD): Extracellular space

SOD1

SOD2

SOD3



Immunofluorescence histochemistry and Western blot for SOD1 
(cytoplasmic CuZn-SOD) in 15-week-old male mouse kidneys

*
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Actin

* P < 0.001 vs. KK-wild-type;  n = 4 for each group.
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Immunofluorescence histochemistry and Western blot for SOD2 
(mitochondrial Mn-SOD) in 15-week-old male mouse kidneys

SOD2

Actin

n = 4 for each group
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Immunofluorescence histochemistry and Western blot for SOD3 
(extracellular SOD) in 15-week-old male mouse kidneys

SOD3

Actin

*

* P < 0.001 vs. KK-wild-type;  n = 4 for each group
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Increased Albuminuria and Failure 
to Hyperfilter  in Akita  SOD-/- Mice
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