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Alzheimer’ s Disease: A Women’s Health Issue

Figure 2: Framingham Estimated Lifetime Risks for Alzheimer’s by Age and Sex
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® global cost of dementia
consumes 1% of global
Gross Domestic Product

® ~70% of the costs occur in
Western Europe and North
America

® 60+% are Women

Alzheimer Association Facts and Figures, 2010-2012

Why Women?

® Is it because women live longer than men?

¢ Is it the way that women age endocrinologically
rather than chronologically that accounts for
their greater risk of Alzheimer’s disease?

¢ Can the aging female brain tell us anything
about the aging male brain and risk for
Alzheimer’s?
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Phenotype of Endocrine Aging of Female Brain:

Time line to Alzheimer’s
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Menopausal Aging Phenotypes: Brain Related
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Estrogen Receptor Beta Activates Neural Plasticities to
; Sustain Brain Bioenergetics and Function

Brinton, TINS, 2008; Trends in Pharmacological Sciences, 2009

Estrogen: Bioenergetic System Molecule
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Bioenergetic Requirements of the Brain

® Human brain - 2% of body weight -
receives 15% of the cardiac
output, requires 20% of total body
oxygen consumption & ~ 25% of
total body glucose utilization

® ATP consumption / gram / minute
used for signaling in brain =
energy used by human leg muscle
to run a marathon

® ~75% of ATP consumed by brain
is used to sustain synaptic
transmission, reestablish
membrane potential

® ~25% maintains protein synthesis
& degradation, nucleotide &
phospholipid turnover,
axoplasmic transport and
mitochondrial proton leak

Estrogen: Bioenergetic System Molecule
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‘Estrogen Promotes Brain Glucose Metabolism

The application of positron
emission tomography to the
study of the normal menstrual
cycle. Reiman et al., Human
Reproduction, 11:2799, 1996

ROI by Ji Luo, Kewei Chen and Eric Reiman from Banner
Alzheimer's Institute. Arizona

Glucose Uptake in Aging Female NonTg and 3xTgAD Brain
Declines with Reproductive Senescence
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Brain Hypometabolism in

Postmenopausal Women

Estrogen deprivation impact: estrogen non-users exhibited a significant decline in
cerebral metabolic rate in Posterior cingulate cortex (PCC)

Percentage changes (T2-T1) i rogional metabolic rates
Regrom of izterest Estrogen
Users Non.users

Left dorsol tal (LD?F) 0.09 138
Right doesola RDFF) 1.89 237
Left inferior parietal (LIP) 0.58 L2
Right infersor parietal (RIP) 0.47 224
Left postenar cingulate (LPC) 0.25 Ly

1.98 i
Left superioe temp 1.98 015
Right ssperior temgpoesl (RST) 10§ 186
Left inferior temporal (LIT) 140 D &6
Right isfenor empoead (RIT) 0.90 -1.12
Left mesial semporal (LMT) 098 -054
Right mesial temporal (RMT) 633 I

Rasgon, N. L., D. Silverman, et al. (2005). "Estrogen use and brain metabolic change in
postmenopausal women." Neurobiology of aging 26(2): 229-235.

Hypometabolic pattern in AD Brain

Z score

5

MCI-MCI

Mosconi L, Pupi A, De Leon MJ. 2008. Annals of the New York Academy of Sciences 1147: 180-95




Estrogen: Bioenergetic System Molecule
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Reproductive Senescence:

Accelerated Bioenergetic Aging
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Normal Mice Develop AD Ketogenic Phenotype

following Reproductive Senencence
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Estrogen: Bioenergetic System Molecule
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Estradiol-Induced Signaling Pathways
Converge On Mitochondria

o
| Ca2+ Dependent
PKC

LPSFC

g
/ ;Antiapoptotic
LTP /LTD Neuroprotection
Memory
Neurotrophism
Spinophilin
New Synapses
Cell Cycle Genes
Neurogenesis ApoE Amyloid
Degrading Enzymes (IDE/Neprilysin)

Nilsen & Brinton, PNAS 2004, Mannella & Brinton, J Neurosci, 2006; Brinton TINS 2008

Mitochondria:
Mobile Energy and Inheritance Units
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Maternal Family History of AD

Predisposes Brain to Hypometabolism
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Edland SD, Silverman JM, Peskind ER, Tsuang D, Wijsman E, Morris JC. 1996. Neurology 47: 254-6

L. Mosconi et al., Proc Natl Acad Sci U S A. 2007 Nov 27,104(48) 19067-72

Mitochondrial Function Decreases with Age and
Alzheimer’ s Pathology Transgene Status
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Yao et. al., Proc. Natl Acad Sci U S A. 2009;106(34):14670-5.
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Removal of Ovaries in Triple Transgenic AD Female

Mice Increases pAmyloid Accumulation

A # 3xTgAD B * «  3xTgAD
2 T 0125
$ Q120 N . 22
= 2100 = S100
23 o3
o280 3215
gge s Ss0
=540 S5
2 g FE25 D
57 [ £
2% % ghamovx Sham OVX ~ OVX OVX+E2
16KD AB — ABAD e e e e
VDAC VDAC
c
Hippocampus|
6E10
el %,
Sham o ovx+e2
cA1
6E10
o] ovx+E2
cA1
6E10 + DAPI

Yao et al. Neurobio of Aging, 2011

Reproductive Senescence is Associated with Shifts in
Bioenergetic and -Amyloid Processing Gene Expression
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Bioenergetic Shift in the Perimenopausal and

Menopausal Female Brain:
Bioenergetic Crisis & Alzheimer’s Risk

PREMENOPAUSE

BIOENERGETICS
cRisiS

Loss of Ovarian Hormones
Leads to Bioenergetic Crisis in Brain

+Glucose

POST MENOPAUSE
BIOENERGETICS
oF

+Glucose

+Ketone bodies

POST MENOPAUSE
BIOENERGETICS
OF ALZHEIMER'S BRAIN

+Glucose @ +Myelin
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Yao J, ... Brinton RD. Mol
Aspects Med. 2011 Aug;
32(4-6):247-57.

Can 1

ELITE “Heathy Women” At Risk

Hodis, Mack NIA - AGO025, RO1AG024154

Plot of Canonical Variables Identified by Cluster
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Cluster 1 (n = 141)
Healthy Metabolic Profile
*  Low HOMA score
* Low glucose

High HDL, low LDL

Low triglycerides
* Low blood pressure

Cluster 2 (n =12)
“Diabetes Risk” Profile
High HOMA score
High glucose
* High triglycerides

Cluster 3 (n =71)

ypertensive” Profile
h HOMA score
h glucose
HDL, high LDL
h blood pressure
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USC ADRC

Strategies to Prevent, Delay and Treat
Alzheimer’ s Disease

Genetic Misfolding and Oxidative and
mutation and aggregation of AR inflammatory damage
risk factors and tau followed by Cell
plagues and tangles
g death Clinical diagnosis
1
Definite AD
l MCI Probable AD at autopsy
Preventative
Modifying
Symptomatic
NeuroCatalyst 2 : . - : : - .
Birth 10 20 30 40 50 60 70 80 90 00
NeuroCatalyst
+

Membrane ER

NeuroSERMs NeuroCatalyst

++

Allopregnanolone

Estrogen Receptor Beta
PhytoSERMs

Regeneration

Shaw, Korecka, Clark, Lee & Trojanowski Nature Reviews Drug Discovery 6, 295-303 (2007)

Estrogen Receptor-g PhytoSERMs for Management of
Menopause and Age-Associated Memory Decline:

Develop a standardized formulation of ER-B selective phytoSERMs for vasomotor
symptoms and to prevent for age-related cognitive decline and dementia.

AIMS

Develop the formulation of ERB-selective PhytoSERMs.

Perform first-to-human, dose-ranging, placebo-controlled, bridging studies
(phase 1b) in postmenopausal women with vasomotor and memory complaints
to assess tolerability, feasibility, PK, potential outcomes, and potential peripheral
biomarkers (peripheral lipid peroxidation and mitochondrial function) to support a
subsequent proof of concept trial.

Conduct a proof of concept (phase 2a), dose-ranging trial using doses obtained
from Aim 2 to assess tolerability, safety, potential efficacy, and biomarkers. 75
participants randomized to double-blind treatment with placebo or 1 of 2 doses
of phytoSERMs for 12 weeks.

NIH/NIA RO1 AG 033288
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Trajectories of Bioenergetic Aging in Female and Male

“Brain: Predicted Diagnosis of Alzheimer’s Disease.
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9 Py 3 o Transitions of female aging involve a set of sequential,
(L] system-level adaptions.
L o Perturbing one component of the system induces

adaptations in other components- not a course
correction - becomes a different functioning system.
o The aging brain is a dynamic adapting system with
L survival back-up mechanisms.
B o Therapeutics have windows of opportunity.
One type of therapeutic will not fit all for all time.
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