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eNOS

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 cellseNOS activity and NO availability in cultured cells

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

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



In humans, the eNOS gene is found on chromosome 7q. 
Genome wide scans have indicated regions  on 7q, 18q and 22q 
that may influence proteinuria and/or development of diabeticthat may influence proteinuria and/or development of diabetic
nephropathy in type 2 diabetes. Of note, evidence for  a region 
on 7q overlapped all studies. 

In some studies, SNPs associated with decreased eNOS activity
have been associated with development of advanced 
nephropathy in type I and type II diabetic patients, as well as 
other causes of ESRD.
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In addition to vasculature, eNOS is also expressed in:, p

Cardiac myocytes
Thick ascending limb
Pulmonary epithelial cells
AdiAdipocytes
Platelets
HippocampusHippocampus
Dorsal root ganglia



Genomic organization of mouse eNOS gene. Schematic diagram of the mouse eNOS gene locus (19.6kb, 26 exons,
GenBank NC 000071) is shown Exons are indicated by vertical black rectangles The binding sites of BH4 HemeGenBank NC_ 000071) is shown. Exons are indicated by vertical black rectangles. The binding sites of BH4, Heme,
L-Arg, Caveolin, Calmodulin, FMN, FAD, Flavin, and NADPH are also displayed. Arrows indicate potential regulatory
regions whose sequences are highly conserved between human and mouse eNOS genomes.
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Sal1 linealizationSal1 linealization



Southern blot analysis of ES clonesSouthern blot analysis of ES clones
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Targeting Prostacyclin Synthase



PGI Synthase Expression During Renal Development

postnatal Day 0 postnatal Day 21postnatal Day 0
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Breeding strategy for endothelium-specific eNOS and PGIS knockouts 
Step 1ObtaineNOSorPGISflox/+DBA2/JAkitamiceandTie2CremiceStep 1: Obtain eNOS or PGISflox/ DBA2/JAkitamiceandTie2Cre mice
 
Step2:Cross eNOS or PGISflox/+DBA2/JakitawithTie2CreDBA2Thisyieldsdiabeticandno-Step 2: Cross eNOS or PGISDBA2/JakitawithTie2Cre DBA2.Thisyieldsdiabeticandno-
diabetic Tie2Cre mice heterozygous for the floxed allele (i.e.   eNOS or PGISflox/+ ± Akita). 
 
Step 3: Intercross Tie2Cre; eNOS or PGISflox/+ with Akita eNOS or PGISflox/+ to obtain Tie2Cre; eNOS or 
PGISflox/flox mice that are both diabetic (akita+) and non-diabetic (akita negative).  As required effects of T1D
diabetes can be induced in the  Akita negative mice using low dose STZ. 



1) Backcross of Tie-2 Cre to DBA2- underway1) Backcross of Tie-2 Cre to DBA2- underway

2) Backcross of Tal/SCL-CreERT to DBA2- underway

3) DBA2-eNOS-/- mice- available

4) KKHIJ-eNOS-/- mice- available
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db/db/eNOS-/- 26 wks PAS
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db/db/eNOS-/- 26 wks PAS



Sclerosis Index- 26 week old mice

n=6-8



Glomerular Filtration Rate

0.3

0.35
BKS (n=10)

eNOS-/- (n=12)

us
e)

0 2

0.25

db/db (n=8)

db/db/eNOS-/- (n=10)

in
ut

e/
m

ou

*

0.15

0.2

FR
 (m

l/m

0.1

G
F

22-28 wks



db/db/eNOS-/- 26 wks anti-RAGE antibody



db/db/eNOS-/- 26 wks anti-RAGE antibody



db/db/eNOS-/- 26 wks anti-RAGE antibody



fibronectin



db/db eNOS-/- 16 wks db/db eNOS-/- 26 wks

db/db eNOS-/- 26 wks



Backgroundg
• Our previous experiments  indicated, nephropathy in eNOS-/- mice was 

markedly more robust in both type 1 and 2 diabetes. 
• On the BLKS background eNOS-/- mice develop glomerular lesions that• On the BLKS background, eNOS-/- mice develop glomerular lesions that 

closely mimic human diabetic nephropathy, characterized by decreased 
GFR, massive proteinuria, arteriolar hyalinosis, nodular focal sclerosis and 
mesangiolysis.

• However, the mechanism by which eNOS inhibition exacerbates 
development of diabetic nephropathy is still incompletely understood.

• eNOS is expressed in a wide variety of non-endothelial (and non-renal) 
ti it i l di di t d di t NOS / itissue sites, including cardiac myocytes and adipocytes. eNOS-/- mice 
develop significant hypertension even in the absence of diabetes and 
develop progressive arteriolar glomerular sclerosis (the time course and 
histology appearance are distinct).gy pp )



• Although our preliminary findings are consistent with our hypothesis 
that endothelial eNOS dysfunction plays an important role in 
development of diabetic nephropathy, as well as other diabetic p p p y,
microvascular (and macrovascular) damage, we cannot discount 
potential contributions by other potential systemic alterations seen in 
the global eNOS knockout mouse.
W th t d l t f diti l k k t th t• We propose that development of a conditional knockout mouse that 
will allow lineagespecific eNOS gene disruption would circumvent 
these problems, offering a unique means to investigate the role of 
endothelial eNOS-derived NO in diabetic nephropathy.endothelial eNOS derived NO in diabetic nephropathy.

• Finally, this conditional knockout study may also circumvent the 
postnatal death in eNOS-/- mice which has made it difficult for us to 
prepare eNOS-/- diabetic mice.


