














General appearance of male B2R-deficient and Akita mice

1 year old mice
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Oxidative Stress in B2R-null and Akita diabetic mice 

Plasma Erythrocytes Kidney mtDNA



mtDNA damages in the kidney of 12 month old male micemtDNA damages in the kidney of 12-month-old male mice



mRNA in the kidney of the four types of animalsy yp
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S ifi i 1 ill d t i th ff t di b tiSpecific aim 1 will determine the effect on diabetic 
complications of eliminating both bradykinin receptors

Specific aim 1a: Global KO (bdkrb2/bdkrb1 tm1Mki )

We are analyzing the phenotypes of 
B1RB2R global KO mice 
with or without Akita mutation in Ins2 gene (Ins2Akita).

Specific aim 1b: Conditional KO

Targeting vector is under construction.Targeting vector is under construction.



Disruption of both B1 and B2 receptor genes (Global KO)
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Albuminuria depends on the presence of diabetes, 
bradykinin receptors and senescencey p
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Albuminuria depends on the presence of diabetes, 
bradykinin receptors and senescencey p
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Impaired cardiac function in 1.5-yr-old B1RB2R-null mice
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40

50

60

WTWT B1RB2RB1RB2R--nullnull

10

20

30

%
FS

0

10

WT B1RB2R+/- B1RB2R-/-B1RB2RB1RB2R--nullnull Pericardiac effusionPericardiac effusion

Ri ht t i l dil t tiRi ht t i l dil t ti

60

70

80

90

B1RB2RB1RB2R--nullnull

Right ventricular dilatationRight ventricular dilatation

20

30

40

50

EF

0

10

WT B1RB2R+/- B1RB2R-/-B1RB2RB1RB2R--nullnull



Enhanced oxidative metabolism and 
t th t i B1RB2R ll MEFpremature growth arrest in B1RB2R-null MEFs
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SummarySummary

(1) Absence of the two receptors for bradykinin (B1R and B2R) leads(1)  Absence of the two receptors for bradykinin (B1R and B2R) leads 
to a less life span than WT mice with and without Akita diabetes.

(2) Urinary albumin excretion increases by diabetes, 
absence of B1R and B2R and aging.

(3) Absence of B1R and B2R leads to reduced cardiac function 
in aged mice.

(4) B1RB2R-null MEFs have premature replicative senescence 
associated with enhanced oxidative metabolism.



Future DirectionsFuture Directions

(2) C ll b ti t di f di d l f ti

(1)  Completing conditional B1RB2R-null construct

(3) S d i h i f

(2) Collaborative studies of cardiac and neuronal function 
in B1RB2R-null and/or Akita mice 

(3) Studying mechanisms for premature senescence 
using B1RB2R-null embryonic fibroblasts

(4) Studying male-female differences in the phenotypes 
of the B1RB2R-null and/or Akita mice





Specific Aim 2: To investigate the relationship p g p
between glomerular damage and mtDNA 

mutations in eNOS-/- diabetic mice.

Lack of eNOS exacerbates DN?Lack of eNOS exacerbates DN? 
Role of a high fat diet?
Mechanisms?ec a s s

eNOS deficiency exacerbates DN. 
Zhao, Breyer, Harris et al. JASN 2006
Nakagawa et al. JASN 2006
Kanetsuna, Breyer, Harris et al. AJPath 2007



8 groups of mice used for experiments (all C57BL/6)

diet diabetes
(low dose STZ)

genotype

non-DM
WT (NN)
eNOS-/- (nn)

NN NC
nn NC

normal chow (NC)
(17% cal fat)

DM
WT
eNOS-/-

NN NC DM
nn NC DM

non-DM
WT
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high fat (HF) diet
(42% cal fat)

DM
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LC-MS/MS for creatinine measurement

collision gas
http://www.waters.com

CD3
Cre m/z=114
Cre-D3 m/z=117

m/z 114        44
m/z 117 47

backgroundMW=114 MW=117

Cre-D3 m/z=117 m/z 117        47

LC-MS/MS is 6 times more sensitive than HPLC,
specific, simple, fast, and inexpensive, and requires p , p , , p , q
small sample volumes (10 μl ). Takahashi et al. KI 2007, 71: 266



GFR (creatinine clearance) and urinary albumin excretion
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Severe glomerulosclerosis & tubulointerstitial fibrosis

in nn DM mice (normal chow, NC)
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Sclerosis & fibrosis in DM mice
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Sclerosis & fibrosis in DM mice
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Why lack of eNOS exacerbates DN?

Physiological role of NO:

1. vasodilator (BP)
2. anti-oxidant
3. anti-coagulation
4 inhibition of leukocyte adhesion4. inhibition of leukocyte adhesion



BP does not explain much of the variation of DN.
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Oxidative stress of nn DM is not higher than that of NN DM.
wild type 
eNOS -/-
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Most abundant fibrin in nn HF DM glomeruli
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DM, nn, and HF all Increase Renal Tissue Factor
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DN correlates best with TF.  
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S & C l iSummary & Conclusion

1. Lack of eNOS and HF additively exacerbate DN 
without further increasing oxidative stress.g

2. Lack of eNOS and HF increase fibrin and TF in  
diabetic glomerulidiabetic glomeruli.

3. TF is highly expressed in glomerular Mϕ, and 
l t ll ith DNcorrelates well with DN.  



Current & future directionCurrent & future direction

Is TF pathogenic??

1. To delete TF only in Mono-Mϕ of eNOS-/- DM mice
by transplanting bone marrow of [CD11b-Cre]-TF 
floxed mice to diabetic eNOS-/- mice.

2.  To inactivate NF-kB pathway only in Mono-M ϕ of 
eNOS-/- DM miceby transplanting bone marrow of 
[CD11b Cre] Ikk2 floxed mice to diabetic eNOS /[CD11b-Cre]-Ikk2 floxed mice to diabetic eNOS-/-
mice.
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Polg  (D257A / D257A)   Mice

WT at ~13months PolgD257A/D257A at ~13months

Polg  (D257A / D257A) mice.

• Graying hair, hair loss, 
kyphosis.

• Oxidative stress not Oxidative stress not 
increased. 

• Apoptosis increased.
• Lifespan reduced.

Greg Kujoth, et al Science (2005) 309: 481-484
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Specific Aim 3.2 : To identify tissues that exacerbate 
diabetic complications when Polg (D257A/D257A)  is 
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Conditional PolgD257A Targeting
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Targeted Conditional Polg  (D257A) Allele

cDNA 3-26 TK
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Targeting the Conditional Allele in Embryonic Stem Cells
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Top Arrow indicates the targeted 
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Neo 
(Germline)
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Bottom arrow indicates the wild type 
Polg allele (10.7 KB)
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