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Atherothrombotic Diseases in US

Prevalence
(millions)

Incidence
(millions)

Coronary heart disease 13.2 1.2

Cerebrovascular 
disease

4.8 0.7

Peripheral arterial 
disease

8.0–12.0 —

AHA. Heart Disease and Stroke Statistics—2004 Update. Dallas, Tex.; 2003



Peripheral Arterial Obstructive Disease 
(PAD) and Diabetes Mellitus (DM)

• After adjusting for age, together with smoking, DM 

accounts for >80% of the excess risk for developing 

PAD.

• In patients with PAD, DM is not merely a risk factor but 

DM profoundly and negatively impacts the natural 

history of PAD.



Mice Fed a HF Diet Have Impaired Perfusion Recovery 
Compared to Age Matched C57Black6 Mice
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Veikkola et al., Cancer Res 2000; 60:203-212
Data now suggest that R1 and R2 are not biologically or functionally equal. 



A VEGF Signaling Pathway







1. Deep femoral artery
2. Lateral femoral circumflex artery
3. The origin of saphenous artery and popliteal artery
4. Femoral artery
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VEGFR1 and VEGFR2 Are Not 
Equal

• A role for VEGFR-1 in the angiogenic response that follows 
pre-clinical PAD is not clear and this supports the hypothesis 
that VEGFR-2 is likely the major VEGF receptor involved in 
post-natal angiogenesis.  

• Both VEGFR-1 and -2 are important in development however 
VEGFR1 KO mice can be rescued with a kinase negative R1 
knock-in.

• VEGFR-2 is a stronger kinase and “some degree” of ligand 
mediated VEGFR activation is needed for maintenance of 
vascular structure/function.

• In cell culture there is some evidence that VEGFR1 activation 
results in decrease VEGFR2 activation.

• On a pure affinity basis, VEGF is (slightly) more likely to bind 
to VEGFR1 than VEGFR2.



VEGF 
Is an Anti-Angiogenic

Agent



Thanks: Feilim Mac Gabhann, Alexandra Popel, Chris Kontos



Model predictions for pro-angiogenic therapies

P. Imoukhuede 2009

VEGF165 has 2 binding sites 
for both VEGFR2 and NRP1.  
Thus when VEGF165 binds 
NRP1 it stays bound at cell 
surface where it can bind 
VEGFR
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Main Focus:  Alterations in the VEGF receptor-ligand system and impaired 
angiogenesis in PAD in the setting of high fat feeding induced “DM.”  
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muscle alterations in VEGF in PAD   
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Perfusion Recovery
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MATERIALS AND METHODS

Mouse Model for Type 1 DM
Male C57Bl/6J (n=40)

STZ (BIOMOL®) according to the AMDCC protocol:
Mice were fasted for 4 hrs, anesthetized, and injected IP with 50 mg/kg/mouse for 
5 consecutive days

Mice were divided into 4 groups:
Group 1 (control) received no STZ
Group 2 received STZ only
Group 3 received STZ; then insulin for 4 wks beginning 4 weeks post-STZ
Group 4 received STZ; then insulin for 8 wks beginning 0 weeks post-STZ

Blood glucose was measured 2x weekly  
Mice with glucose concentrations ≥ 250 mg/dl were considered to be diabetic
HbA1c was measured 4 and 8 weeks post-STZ

Eight weeks post- STZ penectomies were performed on all mice and the mice were 
euthanized.  Corporal tissue, TA, GA, soleus, plantaris, and kidneys were harvested 
and stored at -80 ⁰C 



Group A:  – STZ + Sham 
pellets

Group B :  + STZ + Sham 
pellets

Group C:  + STZ + Insulin 
pellets  4wks post-STZ

Group D:  + STZ + Insulin 
pellets  
0 wks post-STZ

4-hour fasting blood glucose measurements
Insulin administered to Group D Insulin administered to Group C

Subcutaneous insulin pellet administration reduced blood glucose to below 
normal levels in STZ-treated mice
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P < .001
P < .001

P < .001

P < .05

STZ treatment significantly increased blood glucose levels compared to control, 
and insulin given for 4 or 8 weeks post-STZ significantly reduced blood glucose 
levels compared to STZ alone



Continuous insulin treatment of STZ-treated (DM type 1) mice for 8 or 4 
weeks beginning 0 or 4 weeks post-STZ restored HbA1c concentrations to 
normal levels 

P < .001
P < .001

P < .001

(8 weeks
of insulin)



Cyclic GMP concentrations was significantly reduced in TA muscle of 
STZ-treated mice and concentrations were not significantly changed 
compared to STZ-treatment alone when normal blood glucose and 
HbA1c levels were restored by insulin

P < .001
P < .01

P < .05
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FINDINGS ARE GENERALIZABLE TO ALL TISSUE:
cGMP was not significantly changed in corporal tissue after STZ treatment 

compared to control; however, cGMP was significantly increased after 8 weeks 
of insulin treatment relative to control or 4 weeks of insulin treatment



Cyclic GMP concentrations was significantly reduced in TA muscle of 
STZ-treated mice and concentrations were not significantly changed 
compared to STZ-treatment alone when normal blood glucose and 
HbA1c levels were restored by insulin

P < .001
P < .01

P < .05



Control STZ 8 wks STZ 8 wks           STZ 8 wks
Ins 4 wks            Ins 8 wks

Insulin treatment significantly increased VEGF expression in TA muscle of 
STZ-treated mice
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a)  examining the same issue in models of type 1 DM;
b) continue to examine and compare skeletal muscle and kidney 
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Hypothesis for Original 
Application

In humans with diabetes, abnormal angiogenesis  
contributes to the development of end-organ damage. 

“Excess” angiogenesis = nephropathy
“Inadequate” angiogenesis = PAD

We hypothesize that abnormal signaling in VEGF-
associated pathways is a critical factor in the 

pathogenesis of diabetic complications including 
nephropathy and peripheral artery disease (PAD).



Total VEGF-A  Expression: 
Kidney
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VEGFR-2 Expression: Kidney
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C57Bl6 Akita+/- and Wt mice Kidney cortex 
and TA: VEGF expression and signaling
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P-AKT/AKT: Kidney Cortex
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