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New initiatives with biomarkers of
neurodegenerative disease:

e Extracellular microRNAs as biomarkers

e |solation of CNS-derived exosomes from
peripheral blood
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The new biology of microRNAs:
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Extracellular RNA & Exosomes
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EXOSOME BASICS

Exosomes are small membrane vesicles secreted by most cell
types. Internal vesicles form by the inward budding of cellular
compartments known as multivesicular endosomes (MVE). When
MVE fuse with the plasma membrane, these internal vesicles are iy Plasma
released as exosomes, which can travel to distant tissues to B i +— membrane
influence various aspects of cell behavior and physiology. 1
N Memll:rlane
FROM FORMATION TO TARGET | proteins
In the first step of exoseme formation, MVE bud inward te form small
internal vesicles containing proteins, mRMNAs, and miRMNAs from the
cytoplasm o These internal vesicles are released as exosomes when
MVE fuse with the cell membrane @. Alternatively, MVE can fuse
with lysosomes, which degrade MVE contents 9 Upon reaching their
destinations, usually determined by the binding of specific ligands on
their surfaces, exosomes can enter target cells in one of two ways: by
being taken up by the target cell's endocytic pathway eor by fusing to
the target cell's membrane and releasing its contents directly into the
cytoplasm 9 Cells also secrete other membrane-derived vesicles, such
as ectosomes, shed vesicles, or microvesicles, which bud directly from the
cell’s plasma membrane @ These vesicles are also known to carry active
proteins and RN As, as well as some compounds never before described in
exosomes, but little is known about their effects on distant tissues.
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“Clinical utility of microRNAs as diagnostic
biomarkers of Alzheimer’s disease”

Banked CSF Samples
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Final UH3 miRNA Donor Table — Complete

Control AD All
Subjects
Male 23 30 53
Female 26 20 46
Total 49 50 99

Mean +/-SD Mean +/-SD  Mean +/-SD
Age at LP
Male 69.61 +/-9.82 68.7 +/-7.49 69.09 +/- 8.5
Female 66.15 +/-8.94 70.75 +/-6.94 68.15 +/- 8.37
Total [67.78 +/-9.43 69.52 +/- 7.27| 68.66 +/- 8.41
MMSE at LP
Male 28.83 +/-1.64 18.23 +/-6.71 22.83 +/-7.37
Female 29.58 +/-0.7 18.35+/-6.08 24.7 +/-6.9
Total 29.22 +/-1.28 18.28 +/-6.4 | 23.7 +/-7.18
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500uL CSF

200pL

Isolated RNA

Concentration
e Zymo Research RNA Clean & Concentrator-5
* Eluted with 9uL H,0

(Total) RNA Isolation
* mirVana Paris RNA Isolation kit
* 2X100uL elution (with H,0)

CSF to Array Data Process

Assay Results for 754 human
microRNAs
(384 assays per TLDA Card)

_>C:I<—G:I<—<:|

|
|
!
|

-]

8uL 800pL Loaded on
Concentrated TLDA Card
Transfer 2.5uL 18l MasterMix
3.2uL + 75uL — +
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MiRNA data generation:

e 99 CSF samples
756 miRNAs probed per sample
e 332 miRNAs with sighal to include in analysis



UH2 Study Design and Flow

= Joseph Quinn
Betty Lind
Genevieve Leineweber
Obtain Clinically Characterized Human CSF Samples from the Oregon
Alzheimers Disease Center
Transfer Assigned CSF Samples to Jay Phillips

Jay Phillips
Chris Harrington
Isolate and Characterize Total RNA from CSF
Perform TagMan Low-Density Array (TLDA) Analysis on CSF RNA
Transfer Data from QuantStudio to Theresa Lusardi

Theresa Lusardi
Perform Human miRNA Array Data Analysis for Ct and ACt

Jodi Lapidus
Theresa Lusardi
Perform Statistical Analysis of Human miRNA Array Data
Identify High-Priority miRNA Candidates
Correlate Candidate miRNAs with Clinical Characteristics
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Combinations of CSF miRNA discriminate AD vs. Control
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Sensitivity
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Average performance over models
I

I I
0.00 0.25 0.50 0.75
1-Specificity

—e— 2 miRNA: AUC=0.73 —— 3 miRNA: AUC=0.78
——— 4 miRNA: AUC=0.82

I
1.00

Combinations of
best-performing 2
marker models had
area under ROC
curve (AUC) of 0.73,
on average. (blue)

Best performing 3
marker models
increased AUC to
0.78. (maroon)

Best performing 4
marker models
raised AUC to 0.82.
(green)

Classification performance of combinations of CSF miRNA
reached our planned benchmarks
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.CSF MiRNAs add incremental value to a current AD biomarker - ApoE4

0.50 0.75 1.00
| | 1

Sensitivity

0.25
|

0.00
|

Average performance over models

I
0.50
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I I
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I
0.75
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1.00

———— APOE alone: AUC=0.74
——— 3 miRNA + APOE: AUC=0.87

——— 3 miRNA: AUC=0.78

Performance of ApoE4
alone in our subjects
has AUC of 0.74. (gray)

Best performing 3
marker models
performed better than
ApoE4 in our subjects.
(maroon)

Combining ApoE4 with
best performing 3
marker models yields
AUC=0.87. (orange)

Combinations of 3 CSF miRNA perform better than tests used in current
practice, combined with ApoE4 status contribute important information:o



.CSF MiRNAs add incremental value to a current AD biomarker - ApoE4

1.00
1

Performance of ApoE4
alone in our subjects
has AUC of 0.74.

(gray)

0.75
1

0.50
|

Best performing 4
marker models
performed better than
ApoE4 in our subjects.
(green)

Sensitivity
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|
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0.00
|

0.00 0.25 0.50 0.75 Py Combining ApoE4 with
1-Specificity best performing 4

marker models yields

AUC=0.94. (red)

—*—— APOE alone: AUC=0.74 —— 4 miRNA: AUC=0.82
—=—— 4 miRNA + APOE: AUC=0.94

Combinations of 4 CSF miRNA combined with ApoE4 status
have excellent discriminative ability for AD 21



Conclusions:

 CSF miRNAs are promising as novel
biomarkers in neurodegenerative disease



Pros and cons of CSF:

Pro:
in direct communication with CSF tissue
CSF markers discriminate patients from controls.

Con:
Challenging to collect in many cases.

Studies of plasma levels of protein biomarkers of AD and
PD have not shown differences between patients and
controls, with confounding factors including:

— Blood brain barrier

— Dilution of CNS markers by large volume of blood

— ldentical proteins produced in periphery



EXOSOME BASICS

Exosomes are small membrane vesicles secreted by most cell
types. Internal vesicles form by the inward budding of cellular
compartments known as multivesicular endosomes (MVE). When
MVE fuse with the plasma membrane, these internal vesicles are iy Plasma
released as exosomes, which can travel to distant tissues to B i +— membrane
influence various aspects of cell behavior and physiology. 1
N Memll:rlane
FROM FORMATION TO TARGET | proteins
In the first step of exoseme formation, MVE bud inward te form small
internal vesicles containing proteins, mRMNAs, and miRMNAs from the
cytoplasm o These internal vesicles are released as exosomes when
MVE fuse with the cell membrane @. Alternatively, MVE can fuse
with lysosomes, which degrade MVE contents 9 Upon reaching their
destinations, usually determined by the binding of specific ligands on
their surfaces, exosomes can enter target cells in one of two ways: by
being taken up by the target cell's endocytic pathway eor by fusing to
the target cell's membrane and releasing its contents directly into the
cytoplasm 9 Cells also secrete other membrane-derived vesicles, such
as ectosomes, shed vesicles, or microvesicles, which bud directly from the
cell’s plasma membrane @ These vesicles are also known to carry active
proteins and RN As, as well as some compounds never before described in
exosomes, but little is known about their effects on distant tissues.
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Plasma exosomal a-synuclein is likely CNS-derived and increased
in Parkinson’s disease
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Plasma exosomal a-synuclein is likely CNS-derived and increased
in Parkinson’s disease

Min Shi * Changqin Liu - Travis J. Cook * Kristin M. Bullock - Yanchun Zhao - Carmen Ginghina - Yanfei Li -
Patrick Aro - Romel Dator *+ Chunmei He - Michael J. Hipp * Cyrus P. Zabetian - Elaine R. Peskind - Shu-Ching Hu -
Joseph F. Quinn - Douglas R. Galasko - William A. Banks « Jing Zhang

o
?

104

Plasma total c-syn (ngfmL)

L]
Con

=

0.6 5

0.5 4
—_—
0.4 5

0.3

0.2 4

CSF total a-syn (ng/mL)

0.1 4




Plasma exosomal o-synuclein is likely CNS-derived and increased
in Parkinson’s disease
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Can we do more with biomarkers?

 CSF microRNA biomarkers showing promise.

 New strategy for developing peripheral blood
biomarkers is also promising



Can we do more with biomarkers?

 CSF microRNA biomarkers showing promise.

 New strategy for developing peripheral blood
biomarkers is also promising

e Should the ADCs begin banking plasma on
UDS subjects in a uniform manner?
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