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What is Alzheimer’s disease?

Normal Brain Alzheimers Brain
http://healthlivingsolution.com/3-vitamins-prevent-brain-loss/

http://www.alzheimersdiseasethebrand.co
m/curating-andscreating/auguste-deter-
and-the-paralIe_l-fourney-of-scientific-
reason 0 4 \

Dr. Alois Alzheimer m)
discovered the diseas .

ALZHEIMER’S DISEASES

Symptoms of Alzheimer's Disease

Memory loss

Inability to recognize and use
familiar objects

[ [
Challenges in Planning or
Solving Problems

o e Confusing day from night
R Inappropriate use of words
-

2015

If global dementia care were
a country, it would be the

18th largest
economy

in the world exceeding the
market values of companies
such as Apple and Google

This map shows
the estimated
number of
people living
with dementia

in each world
veglon i 2915,
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The total estimated worldwide cost of
dementia in 2015 is US$ 818 billion.
By 2018, dementia will become

a trillion dollar disease, rising to

US$ 2 trillion

US$

Apple
$742
billion

$368
foll[[{el]

EUROPE

10.5

MILLION

AFRICA

4.0

MILLION

We must now involve more
countries and regions in the
QGO dCUOT Of GEMisiGa.
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Current diagnostic methods

MMSE scoring Brain Imaging (PET) ::::;::,I:)Zr quantification in CSF

- National Institute On Aging/YouTube https://www.drugtargetreview.com/
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ALZHEIMER’S A-BETA ALZHEIMER’'S TAU
AD 19 (14.9) https://medcitynews.com/2016/05/brain-imaging-agent-alzheimer/
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https://commons.wikimedia.org/wiki/File:Amyloid-beta-

42_1IYT.png

;s =

~ v
https://en.wiklpedia.org/wiki/Tau_’Syz e
e:PDB_1i8h_EBI.jpg

https://www.labmedica.com/molecular-

diagnostics/articles/294777864/neurofilament-light-
considered-as-niv-biomarker-for-alzheimers-disease.html

https://www.ebi.ac.uRflbdbe/entry/pdb/4e50/analysis

Sensing Title . Limit of . . o
platform Journal/year (corresponding) Protein form detection Dynamic range Sensitivity Specificity
Nature 554, 249-254 | High performance
plasma amyloid-B APP 669-
IP-MS 2018 biomarkers for 711/Abeta 1- 2.5Da ~180ng/ml 96.7% (AUC) 81.0% (AUC)
Alzheimer's disease 42
(Katsuhiko Yanagisawa)
Journal of Assay of plasma
Alzheimer’s Disease, phosphorylated tau
vol. 61, no. 4, pp. protein (threonine 181) 0.001-
IMR 1323-1332 and total tau proFem I.n Tau 0.0028 pg/ml 10000pg/ml 0.793 (ROC) 0.836 (ROC)
early-stage Alzheimer's
disease
2018 (Shieh-Yueh Yang)
Alzheimer’s Plasma neurofilament
Dicital Research & Therapy light as a potential
igita . biomarker of 0.84 (ROC)
10:71
ELISA neurodegeneration in nfl 0.62 pg/ml unknown 0.78 (ROC)
Alzheimer's disease
2018 (Piotr Lewczuk)
Alzheimer’s & C-terminal neurogranin
Dimentia 11 1461- is increased in
cerebrospinal fluid but .
ELISA 1469 unchang:d in plasma in neurogranin 3 pg/ml 3-2000 pg/ml X X

2015

Alzheimer's disease
(Eugeen Vanmechelen)




The 16th U.S.-Korea
Forum on

Nanotechnology

CURRENT DETECTION METHODS USING o

BIOMARKERS IN BLOOD

Low sensitivity for
detecting Tau in
blood
(10~1000 pg/ml)

o

Not enough LOD

\_

Digital ELISA - quantarix

Results : p-Taul81 in Human Blood (Plasma) & CSF

=% ° 0.6:
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p-tau181 in CSF (pg/ml) 0.0 IV
Control AD

/

Molecular Neurodegeneration 2017, 12 (1), 63.
LOD of p-Tau 181 : 0.1 pg/ml
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IMR sensor -MagQu
A‘{'l:‘ — .
«’_}9"’ IT\ T —
\~ \
Al ) |
vy Measuring ‘
>.~l y-_‘: magnetic
e field

Results: Tau in Human Plasma
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Journal of Alzheimer's Disease 2018, 61(4), 1323-1332,
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* Prognosis monitoring
e P tauand O-g Tau
* Ratio: P tau/tau vs. O-g tau/tau
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AD : Alzheimer’s diseases

Diagnosing AD at early stage

4

— B .
Abnormal = Tau Prognosis monitoring

== Brain Imaging diagnosed after the progression of

Brain Imaging (PET) can be

Alzheimer’s diseases
* A is unable to prognosis because it

is being saturated quickly

Biomarker
magnitude

* Tau is more suitable for monitoring
Alzheimer’s disease by detecting
concentration of Tau or P Tau

continuously
Normal ->

Cognitively normal Mild Cognitive Alzheimer’s disease
Impairment (MCI)

O| A2 =2 reference =7}5}7|
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Nanogap Sensing part Sample preparation
sensor
> o N\ Tau protein
: f é K blood £y /
a g Aliquot .
::::' e S '
i - *Tau - _*1* ‘

2nd antibody (o-g tau)

Contact type: WE, CE, RE f / /

3 i? i T

20x20 array

agnetic beads with gibody s *
SEM image of well - % = 5 |
- * e -
* : 3 »

AN

2nd antibody (p tau)

Magnetic force -

Si/SiO; substrate

nanogap

Empty hole Bead
occupied
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SU-8 Lithography & development
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Lift-off process

Metal deposition

Lithography

N

Metal de
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SENSING MECHANISM OF

~

Conventional EC sensor Developed sensor
Nyquist plot
Py
‘&y c Rcr increase
(@)
9 ©
Yv £ Before conjugation » Antibody Nyquist plot
- ; — | After conjugation i P~ -
ounter “ b
g
[=)
@
£
Faradaic type Real l
Magdpe After conjugation

The interaction of the charged redox species with the charged probe layer can
significantly impact Ry

~_\

v

Nyquist plot
Working
b Counter
_g Si/SiO, 1 Impedance decrease
m |
g Before conjugation
Capacitance change _Counter - fter conjugation Real
sisio, New concept
Impedance increase

Non-faradaic type Real

It is common to rationalize changes in Cqyf as occurring due to displacement of water
and ions from the surface upon target binding.
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SENSING MECHANISM OF

Y 1st Antibody
' Tau

) O-g tau or p-Tau

Y 24 Antibody

Impedance

Frequency(Hz)

PBS
NEG

Tau

Nanogap

Tau+2" antibody
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* AD diagnostic and prognosis monitoring using tau PTM analysis
Tau protein
Total Tau / 4 +
Total Tau
Total Tau
-------------------------------------------------------- g —I g .
2nd antibody (o-g tau) § § [~
| ? ? S
0-g Tau / g‘ gﬁ
""""""""""""""""""""""""""""""" o g >

p Tau 2nd antibody (p tau)

CN Patient CN Patient

U.S. patent, “Method for monitoring post-translational modification of protein”, 15/696302, notice of allowance
EU patent, “Method for monitoring post-translational modification of protein”, 17895180.2, patent pending
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Impedance analysis using Tau recombinant

Limit of Detection and Dynamic Range using cell lysates
* The results of AD mouse blood
* The results of Human blood
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+* Tau Recombinant measurement (Dynamic Range)

- 55 - ,
140 - _ { W Taurecombinant
120- £
“- | ﬁ 45 -
g 100- g 407
§ 80 - E 35—_
S 0] O 30-
T 60- o ]
£ 40 g 25-
£ 40- s _
] o 20 +
20 E 15 Slope :
1 ] 9.25%/decade
0 T ) 10 T L L L L T
PBS NEG 50f 500f 5p 50p 500p 50f 500f 5p 50p 500p
Tau concentration (g/ml) Tau concentration (g/ml)

* Tau-441 human, recombinant, 2N4R

* Concentration of Tau protein range: 50 fg/ml ~ 500 pg/ml
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EXPERIMENTAL RESULTS:
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USING CELL LYSATES

* Impedance is decreased by Tau concentration

n =2
(=] =]
[

£
<
P

N
[
[

Impedance (MQ1
= 2

<

HH

LOD : Limit of Detection
DR : Dynamic Range

'PéS' Neg 05 5

50 500 5000 50000
Concentration (fg/ml)

Ultra-high sensitivity

Wide Dynamic range

Impedance Change Rate(%)

60-
50 -
40-
30-
20-

10 -

1 Slope : 10.3%/decade

R2:0.99

Concentration of Tau : 0.5 fg/ml~ 50 pg/ml

0.5 5 50 500 5000
Concentration (fg/ml)

50000

Digital ELISA Nanogap array
(quanterix) sensor

10 pg/ml 19 fg/ml 0.5 fg/ml
DR 10 pg/ml~ ug/ml 0~360 pg/ml O'Sjl%gnl)g il

Lim, S., et al. (2015). "Monitoring of intracellular tau aggregation regulated by OGA/OGT inhibitors
." International journal of molecular sciences 16(9): 20212-20224.
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- Wild type mouse 3, 12 month

~
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0O-g tau impedance change rate(%)
- ZT AT Zo—g tau

x100%
ZT tau

Impedance (MQ)
Impedance (MQ)

P tau impedance change rate(%)
_ Zr tau = Z p tau

0l ] = Z—xlOO%
WT1_3 WT1_12 T tau
. 25,
- Transgenic mouse 3, 12 month : = Og 7
:20_ [ ] P o 64 .
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v"Nanogap sensor platform was successfully developed to measure Tau and Tau PTM in
blood for AD’s diagnosis and prognosis

v'Tau, O-g tau, and P tau were measured and analyzed using cell lysates (Tau-BiFC), Tau
301pL mouse blood, and human blood.

v'As a novel biomarker to diagnose AD using blood, Taumeter (P tau/O-g tau) is suggested
and measured.

v’ Taumeter from mouse and human bloods can improve diagnostic accuracy

v’ Taumeter can be a promising biomarker to diagnose and prognose AD
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