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Overview
1. Vitamin E : Role in neurologic disease
2. Animal models of Ataxia with VitE Deficiency (AVED)

• Equine neuroaxonal dystrophy (eNAD)
• Ttpa-/- mouse

3. Transcriptional profiling of CNS tissue
4. Functional electrophysiological evaluation 
5. Proposed mechanisms



Vitamin E (VitE)
• Major lipid soluble antioxidant
• 8 forms

Tocopherol (saturated) Tocotrienol (unsaturated)
α-tocopherol α-tocotrienol
β-tocopherol β-tocotrienol
γ-tocopherol γ-tocotrienol
δ-tocopherol δ-tocotrienol

• Common absorption and delivery pathways as cholesterol
• Critical in maintaining neurological health?



VitE Deficiency
• CNS + PNS + retina + skeletal muscle

• Areflexia
• Cerebellar ataxia
• Distal loss of proprioception*
• Pigmentary retinopathy
• Generalized muscle weakness



VitE Deficiency
1. Abetalipoproteinemia
2. Other fat 

malabsorptive
conditions

3. Ataxia with VitE
Deficiency (AVED)
• Low serum, CSF, tissue 

[α-TOH]
• Rescued with vitE

supplementation 

Diet
VitE



GAPS in knowledge

1. What is the origin of the lesion?
2. Is vitE acting as an antioxidant OR 

Response element

Gene
expression

Nuclear
receptor

Nuclear hormone
(ligand)modifying gene transcription?

3. How does vitE deficiency lead to 
sensory deprivation?



Equine Neuroaxonal Dystrophy (eNAD)

Normal Horse Equine AVED






eNAD



eNAD



Ttpa-/- mouse model
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Ttpa-/- mouse model

6 mo WT 6 mo KO
WT KO
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Ttpa-/- mouse model

• Mimics phenotype of AVED
• 6 months of age

• Overt proprioceptive deficits
• 6-12 months: histologic changes

• Dorsal column degeneration: 
medulla oblongata and spinal cord

• 17-20 months
• Purkinje cell loss

• Rescued with early α-TOH 
supplementation

Ttpa+/+ Ttpa-/-



Hypothesis
Transcriptional profiling in eNAD and Ttpa-/- mice will 

demonstrate similar dysregulated pathways associated with 
α-TOH deficiency 



Methods

Identify dysregulated
genes and pathways 

Test protein function



Results: Equine Spinal Cord

• 157 DETs (FDR=0.05)
• 19 downregulated
• 138 upregulated

Upregulated DETs



Results: Equine

Liver X Receptor Targeted Genes



Liver X Receptor (LXR)

• Nuclear receptor : reverse cholesterol transport
• Cellular response to oxysterols = LXR activation and 

decrease cholesterol biosynthesis

• Upregulated oxidized lipoprotein 
receptor (OLR1)

Pathway Up or down-
regulated

PBonferroni

Ionotropic glutamate receptor pathway - 7.7 x 10-5

Synaptic vesicle trafficking - 0.002

Metabotropic glutamate receptor group III pathway - 0.009

Cholesterol biosynthesis - 0.02



Results: 6 mo VitE- : KO vs WT

• 157 DETs
• 5 Downregulated
• 152 upregulated21 pathways dysregulated including:

• Innate immune response
• (Trem2, Cybb, Cd86, Slc11a1, Tyrobp, Fcer1g) 

• Inflammatory response
• (Itgb2, Ctss, Ccl3 Clec7a)

• G-protein coupled receptor signaling
• (Rac2, Plek, Rgs1)



Cell cycle / Mitosis
(Aurkb, Ube2c, Cenpa)

Collagen (Col3a1, Col1a1, Col9a3)

Cholesterol Biosynthesis 
(Sqle, Dhcr7, Mvk)

DOWNREGULATED
Weaning  6 mo

WT

KO

vitE+ vitE-

Myelination 
(Cntnap1, Mbp, Plp1)



UPREGULATED
Weaning  6 mo

WT

KO

vitE+ vitE-

Inflammatory Response
(Itgb2, Ctss, Ccl3 Clec7a)



VitE : Nuclear Receptor Activation
(Wean  6 mo)

• Sufficient vitE: Retinoid orphan related receptor (Rora) ACTIVATED
• Ligand= Cholesterol
• Synaptic maintenance (ITPR1)
• Antioxidant proteins (glutathione peroxidase 1, peroxiredoxin 6)

• Insufficient vitE: Liver X receptor ACTIVATED
• Ligand= Oxidized cholesterol
• Lipid homeostasis
• INACTIVATES Rora



Input resistance of Ttpa-/- DRG neurons 
plummets by ~2 fold



Membrane excitability of Ttpa-/- DRG neurons 
is reduced



Membrane excitability of Ttpa-/- DRG neurons 
is reduced

Ttpa -/+  (n=9) Ttpa -/- (n=9)

Mean SD Mean Sd P

RMP -61.34 3.21 -62.17 3.89 0.75

Threshold -33.28 2.87 -35.46 3.13 0.34

Amplitude 112.97 6.77 94.59 7.56 0.01

AP50 4.51 0.34 2.45 0.21 0.0001

AHP 13.67 2.14 9.5 1.66 0.02



Enhanced outward K+ currents in Ttpa-/-

neurons

Future Goals

1. Determine identity of 
enhanced K+ channels

2. Determine mechanism 
of enhancement



Proposed Molecular Mechanism of VitE



Proposed Molecular Mechanism of VitE



Spinal Cord Oxysterols
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Conclusions

• Postnatal development
• Role of α-TOH in modulating the inflammatory response 
• Decreased myelination with vitE insufficiency
• Nuclear receptor activation affected by α-TOH concentrations

• Sufficient vitE : RORA 
• Insufficient vitE: LXR

• Reduced DRG membrane activity with vitE deficiency
• Molecular dysregulation may lead to neurologic phenotype
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