Mechanisms of Vitamin E Deficient Neurodegeneration
in Small and Large Animal Models
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Overview

1. Vitamin E : Role in neurologic disease

2. Animal models of Ataxia with VitE Deficiency (AVED)

e Equine neuroaxonal dystrophy (eNAD)
e Ttpa’ mouse

3. Transcriptional profiling of CNS tissue
4. Functional electrophysiological evaluation

5. Proposed mechanisms
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Vitamin E (VitE)

e Major lipid soluble antioxidant

e 8 forms
a-tocopherol a-tocotrienol
B-tocopherol B-tocotrienol
y-tocopherol y-tocotrienol
6-tocopherol O-tocotrienol

e Common absorption and delivery pathways as cholesterol
e Critical in maintaining neurological health?
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VitE Deficiency

 CNS + PNS + retina + skeletal muscle
e Areflexia
e Cerebellar ataxia
e Distal loss of proprioception™
e Pigmentary retinopathy
e Generalized muscle weakness
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1. Abetalipoproteinemia

2. Other fat
malabsorptive
conditions

3. Ataxia with VitE
Deficiency (AVED)

e Low serum, CSF, tissue
[a-TOH]

e Rescued with vitE
supplementation
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1. What is the origin of the lesion?

2. Is vitE acting as an antioxidant OR V- th
modifying gene transcription? gand) G

3. How does vitE deficiency lead to [[Soreson
sensory deprivation? \\ )
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Normal Horse Equine AVED
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P \‘:’ eNAD
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BRIEF COMMUNICATION
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Degenerative and Immune-mediated Disease-Original Article

Evidence of the Primary Afferent Tracts
Undergoing Neurodegeneration in
Horses With Equine Degenerative
Myeloencephalopathy Based on Calretinin
Immunohistochemical Localization

C. ). Finno', S. ). Valberg', J. Shivers?, E. D’Almeida?,
and A. G. Armién'"?

Veterinary Pathology

2016, Val. 53(1) 77-86

@ The Author(s) 2015

Reprints and permission:
sagepub.com/journalsPermissions.nav
DOl: 101 177/030098581 5598787
vetsagepub.com
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Hypothesis

Transcriptional profiling in eNAD and Ttpa”- mice will
demonstrate similar dysregulated pathways associated with
o-TOH deficiency
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Methods

|dentify dysregulated
genes and pathways

|

Test protein function
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R\ Results: Equine
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Liver X Receptor (LXR)

* Nuclear receptor : reverse cholesterol transport

e Cellular response to oxysterols = LXR activation and
decrease cholesterol biosynthesis

lonotropic glutamate receptor pathway

e Upregulated oxidized lipoprotein
receptor (OLR1)

Contenots lists available al ScicoceDirect é&?ﬂ
|
| |
|

Free Radical Biology and Medicine

Synaptic vesicle trafficking

Metabotropic glutamate receptor group Ill pathway

aeecli v Rl

al homepage: www.elsevier.com/locate/freeradbiomed | Cholesterol biosynthesis

Transcriptome profiling of equine vitamin E deficient neuroaxonal ®‘_,_Nm_k
dystrophy identifies upregulation of liver X receptor target genes

Carrie J. Finno™', Matthew H. Bordbari®, Stephanie J. Valberg”, David Lee, Josi Herron®,
Kelly Hines", Tamer Monsour”, Erica Scott”, Danika L. Bannasch”, James Mickelson", Libin Xu"
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21 pathway dysrégulated including:

* [nnate immune response
e (Trem2, Cybb, Cd86, Sic11al, Tyrobp, Fcerlg)

e Inflammatory response
e (ltgb2, Ctss, Ccl3 Clec7a)

e G-protein coupled receptor signaling
* (Rac2, Plek, Rgs1)
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DOWNREGULATED
Weaning = 6 mo

Cell cycle / Mitosis
(Aurkb, Ube2c, Cenpa)

Collagen (Col3a1, Col1lal, Col9a3)

Cholesterol Biosynthesis
(Sqle, Dhcr7, Mvk)

Myelination
(Cntnap1, Mbp, Pip1)




UPREGULATED
Weaning = 6 mo

VitE-

Inflammatory Response
(Itgb2, Ctss, Ccl3 Clec7a)

vitE+




VitE : Nuclear Receptor Activation

(Wean = 6 mo)

o Sufficient vitE: Retinoid orphan related receptor (Rora) ACTIVATED
e Ligand= Cholesterol
e Synaptic maintenance (/TPR1)
e Antioxidant proteins (glutathione peroxidase 1, peroxiredoxin 6)

e Insufficient vitE: Liver X receptor ACTIVATED
e Ligand= Oxidized cholesterol

e Lipid homeostasis
* INACTIVATES Rora
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Input resistance of Ttpa’- DRG neurons
plummets by ~2 fold

Ttpa ™ Ttpa ™

Threshold > 0.25 nA Threshold > 0.65 nA

time (ms)

100 MQ
45 MQ
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Membrane excitability of Ttpa”/- DRG neurons (i)
is reduced =/

Ttpa™” Ttpa™

s,
........

0.325 nA 0.725 nA

50 100 150
time (ms)
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Membrane excitability of Ttpa’- DRG neurons (78 \

is reduced

A
Sd P

)
Mean SD Mean

61.34 3.21 62.17 3.89 0.75

Threshold 133.28 2.87 35.46 3.13 0.34

Amplitude 112.97 6.77 94.59 7.56 0.01
4.51 0.34 2.45 0.21 0.0001
13.67 2.14 9.5 1.66 0.02
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Enhanced outward K* currents in 7tpa?’-

neurons
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Future Goals

Determine identity of

enhanced K* channels
Determine mechanism
of enhancement



Sufficient a-TOH o malionic

channel
activit
a-TOH @ y
A 1 Y
LDL-cholesterol > Oxysterols /

Oxidative
\Stress

Plasma
Membrane

Synaptic
Function
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Sufficient a-TOH o malionic Deficient a-TOH

channel
oa-TOH & w’ activity \
-

LDL-cholesterol — Oxysterols__gs*éfi%~§: LDL-cholesterol ——— Oxysterols/, —
Oxidative o Oxidative b

Alteredion

Plasma
Membrane

Synaptic
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Produced by ROS

Produced by enzymatic activity (CYP46A1)




Conclusions

e Postnatal development
* Role of a-TOH in modulating the inflammatory response
» Decreased myelination with vitE insufficiency

* Nuclear receptor activation affected by a-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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