Novel mechanism of age-
dependent pathologic tau
accumulations in type 2

diabetes
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Mechanism of gain of toxicity of tau
in AD

® Tau phosphorylation

® Tau ubiquitination

® Tau conformational changes
® PHF formation
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Background

® Type 2 diabetes mellitus (T2DM) increases
the risk of Alzheimer's disease (AD) by
1.4—4.3 times

® Various mechanisms are shared by both
diseases



Table 2 'The correlations of HOMA-IR with neuropsychological and
neuroimaging data

Mean + SD Correlations
NP tests
K-MMSE 23.5+3.9 r=-0.053, p=0.630
K-BNT —-09x1.7 r=0.102, p=0.354
RCF T-copy —-1.0+£29 r=-0.147, p=0.181
SVLT-I —1.1+1.0 r=-0.244, p=0.026"
SVLT-D -1.2+1.3 r=-0.152, p=0.165
RCFT-I —-1.1+£1.0 r=-0.106, p=0.338
RCFT-D —-1.1+1.0 r=-0.150, p=0.174
COWAT -06+0.9 r=-0.270, p=0.013"
Digit span 0211 r=-0.080, p=0.479
Neuroimaging
Lt H vol (mL) 3624 + 1036 r=-0.097, p=0.564
Rt H vol (mL) 3565 + 1404 r=-0.119, p=0.476

Kim et al., 2014



® Association of cognitive dysfunction with hippocampal
atrophy in elderly patients with T2DM (Hayashi, et al., 2011)

Table 1 - Comparison of non-diabetic subjects and patients with type 2 diabetes.

Non-diabetic subjects Patients with type 2 diabetes P
N S8 61
Age (years) 74L5 74+7 062
Sex (M/E) 25/28 34/27 036
Height (cm) 156.3 +9.9 15441+ 84 0.29
Weight (kg) 573+113 552+ 98 0.28
BMI (kg/m?) 233433 232 + 40 0.80
FPG (mg/dl) 96 + 10 160 + 46 =0.01
HbAlc (%) 5.7 +0.3 9.5 1T =001
gk ke dk
3.5 =
7
3.0 12
- 10 1

Z-score of hippocampalatrophy

Atrophy rate of whole brain (%)

Non-DM DM Non-DM DM
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Table 1. Animal studies using the diabetes mellitus (DM) models in the literature

DM models

AD-related pathologic changes

Behavior changes

STZ-injection models

STZ systemic injection to
CS7BL/6I, JAX mice [14]

T p-Tau at $199/202 & T231.

No tau cleavage

Less prominent tau pathology than T2DM models (db/db
mice). which were compared at the same time

ND

STZ systemic injection to
Swiss Webster mice [16]

T p-Tau at T231
1 AB. but similar level of APP & CTF

# Partial reversal of these changes by mnsulin

Impaired learning
on Barnes circular-
maze task

STZ systemic injection to
C57BL/6NJel mice [15]

1 p-Tau at S199, S396, S404 = | Tau binding to

microtubules
p-Tau expression is limited to the neuropil & axons.
No difference in APP, CTF. & Ap levels
# Prevention of tau pathology by insulin

ND

STZ systemic injection to
Wistar rats [20]

TAGEs-RAGE complexes = TBACEI (both protein &
mRNA) through 1NF-kB

ND

STZ i.c.v. injection to
Wistar rats [19]

t p-Tau at $199, T212, S396 in the cerebrum. but not at
S202, T205. S214, S217. 5262, 8422

1 Phosphorylation of neurofilaments

| Microtubule-binding activity of tau

1 Neurofibrillary degeneration

ND

STZ i.c.v. injection to
Wistar rats [18]

t Congo-red-positive aggregates in the brain capillaries.
suggesting AP peptide-like aggregates

| Memory function
on Morris water-
maze test

STZ i.c.v. (3 ventricle)
mjection into Wistar rat

[21]

| Phosphorylation of CREB
| Akt, |IDE. tAp in hippocampus

| Performances on
Morris water-maze
test

Spontaneous DM models

BBZDR/Wor rats (T2ZDM)
compared with BB/Wor
(TIDM) [22]

Neuronal loss in both, but worse in BBZDR/Wor
Gliosis in both, but more in BBZDR/Wor

| Synaptophysin stain

t Dystrophic neurites, but worse in BBZDR/Wor
T APP. B-secretase. AP, but more in BBZDR/Wor
1 p-Tau in both. but more in BBZDR/Wor

# Prevention by insulinomimetic C-peptide

ND

db/db mice (T2DM)
compared with STZ-
injection model [14]

1Tau cleavage in db/db
T More prominent p-Tau at more sites, $199/202, T231,
& Ser396 in db/db

ND

Otsuka Long-Evans
Tokushima Fatty (OLETF)
rats [23]

13R Tau isoform with alteration of splicing factors,
1Total Tau. tp-tau. 1Tau cleavage. tTau aggregates,
| Synaptophysin

ND

Genetically engineered models targeting insulin signaling

Neuron-specific insulin
receptor KO mice [26]

Complete loss of activation of PI-3K and Akt

| p-Akt & p-GSK3p

t p-Tau at T231 but not at S202

No neurofibrillary tangles

No alteration in neuronal proliferation/survival

No memory
impairments

No change in brain
glucose metabolism
on PET

IRS-2-deletion mice [28]

| Neuronal proliferation only during development by
50%, but no increase in apoptosis
1p-Tau at $202 in cytoplasmic deposits

ND

Park, 2013

. Therapeutic trials; AP. amyloid B protein; AD. Alzheimer’s disease: APP. amyloid precursor



Objectives
® Aging increases both T2DM and AD

Aging related ==
AD-T2DM

related factors

factors

» Does T2DM increases AD pathology with aging?

» What is the most susceptible pathologic substrate?
» What mechanisms do play a main role?

» Age-dependent AD pathology can be a therapeutic
target for AD?
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Mature-onset obesity and insulin resistance in mice deficient in
the signaling adapter p62 (Cell Metabolism 2006)
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T Oxydamage of DNA in a
condition of chronic T2DM with age
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Summary

® Tau pathology is the most characteristic
changes in chronic T2DM

® 13R isoforms & tphospho-tau

® With age, 1 Tau toxicity
»Changes in splicing factors

>
>
>

mpaired phosphatase activity, PP2A

Decreased p62 transcription and expression

Decreased clearance of toxic tau proteins
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