Mouse Models of Diabetic
Macrovascular Disease

RU/Columbia/NYU Group

1. “Create new mouse models of diabetes”
Markus Stoffel-RU

2. “Create mouse models of diabetic
dyslipidemia” Ira Goldberg-Columbia

3. “Effect of diabetes on atherosclerosis
progression” Jan Breslow-RU

4. “Effects of diabetes on atherosclerosis
regression/remodeling” Ed Fisher-NYU

5. “Effect of diabetes on arterial
Injury/restenosis” Hayes Dansky-
Columbia
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Major Goal: Create Mouse Models
INn which Diabetes Worsens
Atherosclerosis

Strateqgy:

1. Create mice with diabetic dyslipidemia

2. Cross with models of hyperglycemia,
Insulin resistance or both

3. Assess effects on atherosclerosis
progression, regression and response to
arterial injury
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Models that did not work!

e LdIr-/- - apoAl-/- no increase In lesions
with Stz-treatment and HDL deficiency

o LdIr-/- X Pdx1: no increase In
atherosclerosis despite modest
hyperglycemia

* Restenosis in db/db and high fat fed
mice: less or equal restenosis

 Regression in Pdx1 mice: no difference
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C57BL/6J LDLR-/-
Pdx1+/+ vs. Pdx+/-

1. In female mice the Pdx1+/- trait decreases
aortic root lesion area (p=0.01), but has no
significant effect on plasma lipids or
lipoproteins

2. In male mice the Pdx1+/- trait has no
significant effect on aortic root lesion area
(weak trend up), but causes decreased
cholesterol (p=0.048), non-HDL cholesterol
(p=0.043), and triglycerides (p=0.002)
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Major Goal: Create Mouse Models In
which Diabetes Worsens
Atherosclerosis

Hypotheses

1. Mice do not develop diabetes-induced
acceleration of macrovascular disease
because they are genetically deficient in a
glucose sensitive gene.

2. Increased atherosclerosis in diabetic mice
IS due to a defect In lesion regression.

3. Diabetic macrovascular disease is due to
hyperinsulinemia, insulin resistance.
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Effects of hAR - Study Design

Vikramadithyan, J Clin Invest 2005
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Aortas of hAR-LdIr-/- and Ldlr-/- STZ mice
(6 weeks on 0.15% cholesterol diet)

Ldlr-/- + STZ hAR-LdIr-/- + STZ
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Ldlr+/- after 12 weeks on Paigen diet

K

Ldir+/- STZ hAR-LdIr+/- STZ
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En face lesion area in Non-diabetic and

Diabetic LdIr+/- and hAR/LdIr+/- Mice
(Paigen diet for 12 weeks)
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Aortic root lesions are larger but

morphologically similar
(All mice LdIr+/- £ hAR £ STZ-Treatment)
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C57BL/6J Ldlr-/- & Ldlr +/- HUART(g
mice

MEEY
Tissue distribution to AMDCC core laboratories:

To assess nephropathy — tissues sent to
Jefferson (Dr. Sharma) and we are collecting

urine etc.

To assess cardiac function: Echo, histology and
gene expression at Columbia. If altered will
collaborate with U. Utah Phenotyping Center.
Additional models: Paigen diet in C57BL6 with
longterm diabetes (no LDL receptor deficiency).
Diets —to be shown
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Why?

| don’t know!
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Aortic gene expression
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Protocol for Isolation of Aortas

Unswabbed with
cotton swab

.

Endothelial cells

Cut open aorta NOT removed

—p

Swabbed with
cotton swab

N~ Endothelial cells
removed
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Cardiac abnormalities in diabetic patient:
with neuropathy:

effects of aldose reductase inhibitor administration.
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hAR/LdIr- 5% cholesterol diet for 4weeks
all 200x
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Major Goal: Create Mouse Models In
which Diabetes Worsens
Atherosclerosis

Hypotheses

1. Mice do not develop diabetes-induced
acceleration of macrovascular disease
because they are genetically deficient in a
glucose sensitive gene.

2. Increased atherosclerosis in diabetic mice
IS due to a defect in lesion regression.

3. Diabetic macrovascular disease is due to
hyperinsulinemia, insulin resistance.
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Mouse Models Used to Test
the Hyperglycemia Hypothesis

1. Ldir-/- mouse as the model for
atherosclerosis

2. Pdx1+/- mouse as a model for
hyperglycemia: PDX1 is a transcription
factor required for pancreatic islet
development; Pdx1+/- mice are insulin
deficient and hyperglycemic
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Study Designs:
Early 16 weeks and late 32
week Lesions

Donors:
LDL RO

0.15% chol. Diet
16 Or 32 weeks

Pre-transplant: Recipient group 1:
12 donors are sacrificed to PDX1+/-
obtain aortic transplantation
baseline analyses recipients sacrificed after 4w

Recipient group 2:
WT

aortic transplantation
recipients sacrificed after 4w
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Diabetic phenotypes
C57BL6,LdIr-/- (20 weeks)

. Control Knockout
e Pdx1+/-: Glucose
. Females 132+17 182127

. Males 139+16 214+41
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Hyperglycemia Does Not Impair
Foam Cell Loss From Early Lesions

Pre-transplant

macrophage area

lesion area
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groups

in the sub-EC space 4w post-transplant
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Hyperglycemia Does Not Impair Foam Cell Loss
and Fibrous Cap Increase In Advanced Lesions

to WT

to PDX1+/-

= foam cell-rich sub-EC
area of a complex pre-transplant = foam cell-poor,
lesion fibrous cap-rich sub-EC areas of

complex post-transplant lesions
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Summary

* In both early and advanced lesions,
remodeling to a “stable” plague phenotype
was not impaired by hyperglycemia

e Future studies will focus on:

« 1) finishing a non-surgical model of
regression that can be combined with studies
of hyperglycemia or insulin resistance;

e 2) to test whether there are aldose reductase
dependent effects of hyperglycemia or IR In
regression models
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Major Goal: Create Mouse Models In
which Diabetes Worsens
Atherosclerosis

Hypotheses

1. Mice do not develop diabetes-induced
acceleration of macrovascular disease
because they are genetically deficient in a
glucose sensitive gene.

2. Increased atherosclerosis in diabetic mice
IS due to a defect In lesion regression.

3. Diabetic macrovascular disease is due to
hyperinsulinemia, insulin resistance.
Studies of high fat feeding and ob/ob
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Effects of HF diets on glucose
and atherosclerosis

LF1 HF135% lard  LF2 HF2 21% milk fat
Chol 0.02% O 0.15% 0.15%
Glucose
129 £ 7 169 +5 122 +9 182 £ 9
Cholesterol
505 + 48 489 + 34 633 £ 2 701 + 10
Triglyceride
155 + 24 226 + 36 109 + 8 250 + 26
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High fat diet leads to Insulin

resistance
IP GTT at 20 (A) and 40 (C) weeks
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There was no effect of high fat (and
Insulin resistance) on atherosclerosis

Wu et al.

Figure 3
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Diabetic phenotypes
C57BL6,LdIr-/- ob/ob

24 weeks Control

Glucose Females 140+50
Males 191+36

Chol Females 687+263
\ RS 434+118

32 weeks

Glucose Females 137 + 40
Males 185 + 30

Chol Females 548 + 67
Males 551 + 138
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Knockout

208142
185+30

2,420+424
2,124+349

140 = 37
191 £ 65

2,173 + 698
2,240 + 576



Ldlr-/-Ob/Ob Plasma Insulin

Plasma Insulin Levels
20 week old mice
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LDLR-/-Ob/Ob IPGTT

32 week-old females 32 week-old males
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LDLR-/-Ob/Ob
Aortic Root Lesion Area

Aortic Root Lesion Area
20 week old mice
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ob/ob;LDLR-/-
(male)




In summary, Ob/Ob makes Ldlr-/- females
more insulin resistant and diabetic than
males, but results in less increase In the
cholesterol to HDL ratio and athero-
sclerosis than in males.

These data suggest that glucose levels have
little effect on atherosclerosis, whereas
the major influence on atherosclerosis
appears to be the effect of insulin
resistance on the plasma lipid profile.
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fed males
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Plague Instability?

Movat’s Movat’s CD31
Pentachrome Pentachrome (endothelial cells)
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Platform Models:
C57BL/6J LDLR-/- Mouse

 Hyperglycemia: Pdx1+/-; Ins22<¥"

* Insulin Resistance: IRS1-/-; Akt2-/-*
« Combination: Ob/Ob

o Sensitizer: HUARTg**; SOD2+/-**

* hAR Inhibitors

* currently 1-2% outbred
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