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Analysis of Animal Models - Expect the
Unexpected

Using Targeted Mutations in a Signaling
Pathway for the Mapping of Modifiers
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Lecture 2

The LDL Receptor Gene Family
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From Monty Krieger

Cholesterol Transfer By
LDL Receptor Mediated Endocytosis
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The LDL Receptor Gene Family

• ApoE Receptor Signaling Regulates τ-Phosphorylation

• Mapping of Genes that Modify τ-Phosphorylation

• ApoE Receptors Modulate Neurotransmission

• Tyrosine-Phosphorylation of ApoE Receptors and Control

of Vascular Wall Integrity

Expanding Functions of ApoE Receptors
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Ishigami M. et al. J Biol Chem, 273, 20156-20161, 1998

Anderson, RGW., Annu. Rev. Biochem., 1998, 67, 199-225

THE CAVEOLAE MEMBRANE
SYSTEM
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LRP Is Enriched in Caveolae in Human Fibroblasts 

Philippe
Boucher
2001

PDGF-BB Induces LRP-Tyrosine Phosphorylation
Through the PDGF Receptor β in Caveolae

Philippe
Boucher
2001
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ApoE Lipoproteins Prevent PDGF-Mediated
Tyrosine Phosphorylation of LRP

XX
LRPflox/flox

LDL receptor -/- SM22 Cre Tg

Generation of LRP Tissue-Specific
Knockout Mice

Smooth Muscle Cell Specific LRP Defect
on LDL Receptor Knockout Background
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Cre+ Cre- Cre+ Cre- Cre+Cre-

Cholesterol-Induced Atherosclerosis and Aneurysms 
in the Aorta of LDLR-/-;LRPflox/flox Mice
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Histology of the Abdominal Aorta 
of Cholesterol-Fed LDLR-/-;LRPflox/flox Mice
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Histology of the Aorta of Cholesterol-Fed LDLR-/-;LRPflox/flox Mice
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Histology of Abdominal Aneurysm 
in Cholesterol-Fed 

SM22Cre+;LDLR-/-;LRPflox/flox Mice

Philippe Boucher, 2001
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Does PDGF Receptor Signaling

Play A Role?

Gleevec
An Inhibitor of Tyrosine Kinases

Known Targets

Bcr-Abl (CML)

c-Kit (GIST)

PDGFR

Proven Clinical Effectiveness

Chronic Myelogenous Leukemia

GastroIntestinal Stromal Tumor
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Gleevec Blocks PDGF-Induced LRP Phosphorylation
PDGFR coimmunoprecipitates with LRP

Cre - + + -

Effect of Gleevec on Atherosclerotic Lesion Development
in Cholesterol-Fed LDLR-/-;LRPflox/flox Mice

Gleevec No Yes

Philippe Boucher, 2002
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PDGFRB expression and activation and Erk activation
in LRP-deficient mouse aorta

PDGFRB expression and activation and Erk activation
in LRP-deficient mouse aorta
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The LDL Receptor Gene Family
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From: Medical Library of Utah

Amyloid Plaques Neurofibrillary Tangles

The Hallmarks of Alzheimer Disease

In 1993 Allan Roses and
his group report that the
ApoE4 isoform predisposes
its carriers to late-onset

Alzheimer Disease

Apolipoprotein E

Is a component of lipoproteins and mediates
their binding to LDL receptor family members
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Effect 

of 

ApoE4 Dose

On 

Late-Onset

Alzheimer’s

Disease

ApoE2

Is

Protective
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Signal to Neuron

Plaques, Tangles

ApoE

?
Receptor

The LDL Receptor Gene Family
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Ataxia in VLDLR/ApoER2 Double
Knockout Mice

Normal Mutant
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Normal Mutant

The identical phenotype has been observed in
two independent strains of mice:

reeler: Loss of function mutation in a gene 
encoding a large secreted signaling 
molecule (Reelin)

scrambler: Loss of function mutation in a gene 
encoding  a cytoplasmic adaptor protein
(mammalian Disabled-1; Dab1)



18

Radial

Neuronal

Migration

Along Glial

Guidance

Fibers

ApoER2
VLDLR
Dab1
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Radial

Neuronal

Migration

Along Glial

Guidance

Fibers

ApoER2
VLDLR
Dab1

Hans Bock, Uwe Beffert
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Reelin Suppresses τ-Phosphorylation in Primary
Embryonic Neurons

(Hans Bock, 2002)

Tau Hyperphosphorylation in reeler,
apoer2, and vldlr Knockout Mice


