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H Y Clinical Approximate proportion of underlyin
TDPA43 identified as the FTD AP i e
_ ] o . neuropathological FTLD disease subtypes
major ubiquitinated protein subtype
- TElB TDP-43JC merge .
FTD-MND
SD
Neumann et al., Science 2006
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A. Amnesic MCI ———— I\ o I
B. Multi domain MCI s> AD, normal aging
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MCI-FTLD?

Patient 1
Patient 2 [ .
Patient 3 | [
Patient 4 -
Patient 5 | |
Patient6 | I
Patient7 | |
3 2 4 0 1 2 3 4 5
Time (years)

B ==

De Mendoca et al.,, JAD 2004

0 Short duration of MCl stage
0 Cognitionlargely preserved

0 Prominent frontal,
behavioral, and
neuropsychiatric signhs

Varniable

Pre-bvFTD (n = 23)

7Behav10ral abnormalities

Nonverbal reasoning
Raven matnces
Memory
Short story
Rey figure, recall
Digit span, backward
Visual-construction
Rey figure, copy
Language
Phonological fluency
Semantic fluency
Token test
Executive function
Trail Making, A

U FDG-PET abnormalities?

Trail Making, B

NPI total score 90+74
FBI total score (AB) 64 +52
FBI A 46 + 38
\ FBIB 20+ 34
Screening for dementia
MMSE 235 + 6.3 (20)
Clock drawing 55 +3.1(42)

200 + 7.7 (43)

104 + 6.4 (35)
103 + 83 (45)
5.1 +15(14)

229496 (73)
262 + 106 (22)
255 + 112 (26)

203 + 39(19)

153.5 + 169.1 (44)
307.1 £ 1741 (70)

Baroni et al., Neurobiol Aging 2015
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TDP43 implicated HS & AD

Initial series Confirmation Series |
HpScl/pure (n=11) | HpScl/other (n=10) | HpScl/AD (n=44) AD (n=30) AD (n=93)
Age at death, mean <+ SD (y) 80+ 17 78 + 8 85+ 6 85+ 5 79+9
Sex, M:F 7:4 6:4 22:22 9:21 46:47
Braak stage, median (25%-tile, 75%-tile) 2(0.25,2.9) 2(1,2.5) 5(@4.5,06) 5.8(5,6) 5.5(5,06)
Brain weight, mean £ SD (g) 1170 + 220 1120 £+ 200 1020 + 150 1000 £ 110 1040 + 160
TDP-43 (%) 8 (73%) 5 (50%) 33 (75%) 9 (30%) 19 (20%)

TDP43 appears to be a comorbid feature
seen in conjunction with many other
pathologies and clinical dementia
syndromes including:

 FTD/FTLD
« AD

- LATE

« ALS

« PSP

« CBD

- LBD

e VaD

« CTE/TBI

TDP43 & ptau IHC in an AD+HS representative

FTLD
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* Enrolled atage 77 in the Neurocognitive test scores: MMSE
longitudinal normal control _ _

program at UK

« PMHx: HTN (well controlled)
only

20

« FHx: No dementia AD diagnosis age 97

« SocHx: lives independently, 15

no Tob/EtOH
« Meds: lisinopril 20 mg qd

10

MCI diagnosis age 92

MMSE test score

 PE/NE: essentially normal for
age (mild length dependent 0
peripheral neuropathy 77 79 81 83 8 8 89 91 94 98
developed in later 80s
Age

* Followed for 25 years, from
normal, through MCI,

dementia, and autopsy 5 year period of progressive MCI
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Transiti
on from
normal
to MCI
at age
92 years

Dx: MCI
due to
mixed
AD &
SVID
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*No Ap

*No
Lewy
bodies

*No
infarct
S

- PART+

. inclusions
) —neurites
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LATE/HS-Aging pathology i T
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Proportion of Hippocampal
Sclerosis pathological diagnoses 900
(primary and contributing) 20%—
among autopsied participants in
the NACC Neuropathology Data
Set, by year of death,
1990-2012 (N=9,187).

A5

* Increasing awareness of
HS in the 1990’s

Proportion of Diagnoses
1
|

.05
|

 Followed by the
discovery of TDP43 and -
the increasing use of o 905 0% o T
IHC staining at autopsy Year of Death

Brenowitz et al, JAD, 2014
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Have you ever How many cases of
diagnosed FTD?| | LATE/HS-aging have you missed?

FTD/FTLD
®

Hippocampal sclerosis of aging
(~100x higher risk than FTD/FTLD)
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APOE epsilon 4 allele frequency by age
among clinically "Probable AD" patients

clinical “Probable AD” tend to lack the Source: NACC Data Set (n=993)

most common genetic feature of AD...
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HS-Aging pathology by age
among clinically "Probable AD" patients
Source: NACC Data Set (n=993)

45

40

35

30

25

20

APOE epsilon 4 allele frequency

80 85
Age at death

...and at autopsy tend to show

HS-Aging pathology
Nelson et al, JNEN,

Age at death
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Neurocognitive test scores in HS-Aging:
Word list delayed recall (WLD)/Verbal fluency (VF) ratio

N= 43 cases with subsequent autopsy confirmed HS-Aging pathology, and N=75 controls

0520015 P <0.005
o 08¢
© Pia0 9% °
T 06 A 54
%9 o & o®o &e
E 8013: 0(ﬁ & o] Q
04} §¢ &% &% .«
= - % & WLD/VF ratio is
= > =t o8 - : :
o2 F ;‘; O & % evident at baseline
S ° o 8 oo L] mgm
& ® while cognitively
0.0t (2] o0 O o) 0 00 =
HS-Aging- HS-Aging+ HS-Aging- HS-Aging+ intact and holds
Baseline 5.5-6.5 years before death through the MCI
examination examination stage!

(cognitively intact) Nelson et al., Acta Neuropathol. 2013
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« HS-aging more severe
atrophy

* Also extensive outside the

0.05 0.025
Nho et al., JAD 2016




LATE: CSF profile? et o ¢

Alzheimer’s Public Educational Forum =<

Fig. 8: AP (1-42) and total-Tau CSF levels for a s e g o oof s R Sl
subset of research subjects in the UK-ADC cohort 15000 "”’
210000 HS-AgINg (no AD)
(n=199) i
it o S . . §1 AD (no HS-Aging) N
gg 4—HS-Aging pattern: AN+ | 1= ‘ "
B l ‘”g Control
e { - 1o (No HS-Aging or AD) ‘
™~ £ 148 i o
v‘ I 1 5005 | 12.24
= - ‘I AD pattern: A+N+ iR TRal RER TR T 70 RS IREE SRR
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may be used to rule out other

CSF total Tau, pg/ml pathologies
 New biomarkers mayhevished data
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Underlying pathology =

Af plaques

Tau tangles

Neurodegeneration

Table 2. Features of HS -Aging that distinguish it from other common dementias

MRI-detected infarcts

CSF findings =

Low CSF AB

High CSF
phospho-tau

High CSF total tau

and/or high
Hachinski score

Prevalent diseases J

*

Alzheimer's disease | Y Y Y | N
PART/tauopathy | N Y +/- N
Dementia with Lewy bodies +/- N Y N
Cerebrovascular disease | N N Y | Y
HS-Aging N N Y N

Unpublished data
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TDP43 demographic & clinical features

Non FTLD-TDP subjects FTLD-TDP

Variable Overall Stage 0 LATE cases P-value®
(n = 801) None Stage 1 to 3 (n = 55)
(n = 590) (n =211)
Age at death, mean = SD 82.7+87  82.2+88  84.0+85 2.0 x 107
Gender, n (%)

Men 440 (54.9) 326 (55.3) 114 (54.0) 32 (58.2) 0.85

Women 361 (45.1) 264 (44.7) 97 (46.0) 23 (41.8)

Years of education, mean + SD 15.7 £ 3.1 15.6 £ 3.1 16.0 + 3.0 16.2 +£2.7 0.24
Difference in years between the last clinical visit and 11409 11409 L1+1.0 12411 0.62
death, mean =+ SD

APOE genotype, n (%)

/- 354 (49.6) 276 (52.6) 78 (41.3) 31 (67.4)
/e 289 (40.5) 203 (38.7) 86 (45.5) 13 (28.3) 0.0082"°
| e/ e 71 (9.9) 46 (8.8) 25 (13.2)
| |Normal cognition 97 (12.1) 92 (15.6) 5(2.4)
| Impaired-not-MCI 17 2.1) 14 (2.4) 3(1.4)
| Mma 75 (9.4) 67 (11.4) 8 (3.8)
| |Dementia 612(76.4) 417 (70.7) 195 (92.4)

Unpublished data
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First principal component

AV O N A~ O ANV O N NN O

AV O N N O

Global Language

‘ ‘ *

—— ——
Stage 0 LATE FTLD-TDP LATE FTLD-TDP

Memory Attention

[
Stage 0 LATE FTLD-TDP - Stage 0 LATE FTLD-TDP

Executive @

2

, )
{ i ’ i
s AN
I it
il |
JHI ‘ I

Stage 0 LATE FTLD-TOP Yuriko Katsumata,
PhD

Alzheimer’s Public Educational Forum %

NACC subjects included
FTLD+/TDP+ (n=55),
FTLD-/TDP+(n=211), and
FTLD-/TDP- (n=590)

NPI data was from the last visit
proximate to death (< 3 years)

LATE drives down cognitive
performance compared to TDP-
subjects in all domains except
executive function

FTLD+/TDP+ performed lower on
language and memory tasks than
TDP- subjects

There were no observable
differences on cognitive test
scores between FTLD & LATE

subjects Unpublished data
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100

50

100

50

100

50

100

50

Delusions

[ .

Hallucinations

| —

Depression
or dysphoria

[

Anxiety

Apathy or indifference

Disinhibition

Agitation
or aggression

Elation or euphoria

e e— ]

Irritability or lability

.

SE=.

Motor disturbance

Nighttime behaviors

Appetite
and eating problems

=

-

Stage 0 LATE FTLD-TDP

Stage0 LATE FTLD-TDP

Stage0  LATE FTLD-TDP
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NACC subjects included FTLD+/TDP+
(n=55), FTLD-/TDP+(n=211), and
FTLD-/TDP- (n=590)

NPI data was from the last visit proximate
to death (< 3 years)

Overall, the LATE cases appeared more
similar to the TDP- cases than to the
FTLD+/TDP+ cases

FTLD+/TDP+ cases demonstrated higher
scores on apathy, disinhibition, aberrant
motor activity, and eating problems than
the other groups

LATE cases demonstrated only increased
disinhibition over TDP- cases in the
unadjusted analysis

The model (adjusted for age at death,
gender, years of education, AP@Published data

Hl\“l\+\l“n Dv‘\"\ll b+"\”f\\ ﬂl‘\l\lllf\'l M M
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Nelson et al., Brain 2011
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Proportion (%)

80
mQMP
o ETau+ AP+ TDP43
80 BTau+ AP +a-Syn
156
50 Tau{Braak V-VI) + Ap
B Tau(Braak I-IV) + Ap
"] Tau + TDP-43
19.2
m Tan

20

10

5.1

Li]

14
Dementia (p=214)

Predicted probability of “normal” (>26) MMSE score

Multiple pathologies contribute to MCI
in the vast majority of cases

The more pathologies accumulated,
the greater the risk and severity of
cognitive decline

Quadruple misfolded proteins are not
seen until the stage of dementia

Predicted Probabilities

Frotemnopalhy Groups

-10

\\
ampP S ~
pr—Tal " e g,

= Tau + AL + TOP-43
— = Tau + A + a-3Syn
— — Tau|Brzak I-IV)+ Al
Tau[Braak V-VI)+ Al
= Tau+TDP-43
-B -6 -4

Years before death

Shama Karanth

Erin Abner, PhD
Unpublished data
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Years auration

Erin Abner,

tau tau (I1V) + tau (V-VI)+ tau+TDP tau+AB+ tau+AB+ QmP PhD
AB AB Syn TDP
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OLOGIC SEVERITY IN FIVE BRAIN REGIONS TDP-43 SEVERITY IN BASAL FOREBRAIN SUB-REGIONS  GClI  Neurites

Bas. forebrain Bas.§anglia Cortical Thal.

HS-Aging, AL - —

Hypothal. VS/BNST NDB/NB/SI OIf. Region IsICj LSA

HS-Aging, A0 —

HS-Aging, A
===

|
Hs-Aging, AD-Intfnd.,
N
]
——

veyefdpattoony Fortunately, as the basal
e wseeenadosy | forebrain is hit hard, HS is likely
to respond to AChEls

Cykowski et al., J Neuropathol Exp Neurol. 2016



LATE: Emerging clinical trials?

18" Annual MCI Symposium

Special Topic Workshop -

Alzheimer’s Public Educational Forum

Fig. 6. ABCC9 gene encodes “metabolic sensor” Ky channel component

GENE/PROTEIN ABCC9/SUR2 KCNJ8/Kir6.1

(regulatory) (pore-forming)
A Chr12p =
. ' .
HS-Aging risk alleles

Agonists ‘ ® Antagonists
Channel more open: Channel more closed:
ADP, Mg*™* ATP
Drugs: Drugs:
Nicorandil Sulfonylureas

= — CoONtrol HR 0.65 (0.51.0.84)
& w— Nicorandil p=0.0007
2 7.54
c
i
s
c
3
§zs-
a
0 v . - v .
0 0.5 1 1.5 2 25 3

Time (years)

Fig. 13. Fig. 1 from Horinaka et al (24), Cumu-
lative incidence of the primary endpoint, deaths
from all causes. HR, hazard ratio. N=5,116.

No Sulfonylurea

Table 1. NACC Sulfonylurea Use Use
cases (2010-2013) s =
stratified by (=36) (=59)
sulfonylurea drug ) : . No HS-
use and eventual gi;g?;"g N;;ﬁ;ﬁg{:g 23;2?;;3 Aging
autopsy-proven HS- (nzﬁ?y Pathology
Aging pathology (n=25) (n=97) | (n=491)
Age at death, years 88.7+4.8 90.8+4.3 91243 | 90.9+4 4
Number of

longitudinal 4.5+1.1 4417 3.9+1.8 3.9+1.7
evaluations

Estimated 34 3.5

sulfonylurea (Range 0.5- | (Range 0.5- N/A N/A
exposure, years 62) 68)

Taking sulfonylurea at

sl svalisation; % 81.80% 72.00% N/A N/A

Fig. 7. Proposed mechanisms: normal,drug action, both

Nicorandil P\
KQ

.
N
-

g N }ICIosed
STRESS/ | R 4
HYPOXIA/ 3 l&

> ADP

ROS/
H202

2+
> @ ca ®
=
.‘:5 lc a 2+. & e—
E I f_E:
- Cell damage Ca?
TDP-43 phos’n Importer

* Nicorandil protects from death OR 0.65 [95% Cl: 0.51-0.84]

 Sulfonylureas are linked to HS-aging OR 2.19 [95% Cl: 1.04-4.63]

Safety and Modulation of ABCC9 Pathways by Nicorandil for
the Treatment of Hippocampal Sclerosis of Aging

(SMArT-HS)
NIH RO1AGO061111 funded

ClinicalTrials.gov Identifier: NCT04120766
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The clinical phenotype of
MCI-TDP43is

heterogenous

0 Reflects the pathologic, genetic,
and demographic heterogeneity
of TDP43

0 May represent convergent
pathogenetic processes?

0 Subtypes of MCI-TDP43 may be
readily identifiable despite our
current lack of biomarkers for

MCI-TDP43 of the FTLD-type
v Average age at autopsy 76 years
v Duration of MCl is variable but
short
v/ Behavioral, psychiatric, or
language predominant
presentation

MCI-TDP43 of the Mixed-type
v Average age at autopsy 84

MOIBHP4 3 of the LATE-type years
4 iggrr:ge age at autopsy 84 v/ Duration of MCI shortest

v Amnestic component
Associated sighs &
symptoms variable as they
are often related to comorbid
athology

Duration of MCI prolonged
Amnestic presentation

Language, behavior, and
psychiatric symptom sp

SKX



