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New initiatives with biomarkers of 
neurodegenerative disease:

• Extracellular microRNAs as biomarkers

• Isolation of CNS-derived exosomes from 
peripheral blood
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Central dogma of biology:
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The new biology of microRNAs:
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Extracellular RNA & Exosomes
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Extracellular RNA 
Communication 

Program

commonfund.nih.gov/Exrna/index
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27 Institutes and Centers (ICs)

NIH Institutes
National Cancer Institute (NCI)

National Eye Institute (NEI)
National Heart, Lung, and Blood Institute (NHLBI)

National Human Genome Research Institute (NHGRI)
National Institute on Aging (NIA)

National Institute on Alcohol Abuse and Alcoholism (NIAAA)
National Institute of Allergy and Infectious Diseases (NIAID)

National Institute of Arthritis and Musculoskeletal and Skin Diseases (NIAMS)
National Institute of Biomedical Imaging and Bioengineering (NIBIB)

Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD)
National Institute on Deafness and Other Communication Disorders (NIDCD)

National Institute of Dental and Craniofacial Research (NIDCR)
National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK)

National Institute on Drug Abuse (NIDA)
National Institute of Environmental Health Sciences (NIEHS)

National Institute of General Medical Sciences (NIGMS)
National Institute of Mental Health (NIMH)

National Institute on Minority Health and Health Disparities (NIMHD)
National Institute of Neurological Disorders and Stroke (NINDS)

National Institute of Nursing Research (NINR)
National Library of Medicine (NLM)

NIH Centers
Center for Information Technology (CIT)

Center for Scientific Review (CSR)
John E. Fogarty International Center (FIC)

National Center for Complementary and Alternative Medicine (NCCAM)
National Center for Advancing Translational Sciences (NCATS)

NIH Clinical Center (CC)

National Institutes of Health (NIH)
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Data Management and Resource Repository (DMRR) on Extracellular RNA (U54) RFA-RM-12-010
MILOSAVLJEVIC, ALEKSANDAR BAYLOR COLLEGE OF MEDICINE Data management and Resource Repository for the exRNA Atlas

Extracellular RNA Biogenesis, Biodistribution, Uptake, and Effector Function (U19) RFA-RM-12-012
BLELLOCH, ROBERT H UNIVERSITY OF CALIFORNIA-SAN FRANCISCO In Vivo Regulated Release and Function of Extracellular Small RNAs

BREAKEFIELD, XANDRA OWENS MASSACHUSETTS GENERAL HOSP exRNA released by glioblastoma alters brain microenvironment

COFFEY, ROBERT J VANDERBILT UNIVERSITY MED CTR Secreted RNA during CRC progression biogenesis function and clinical markers

MCMANUS, MICHAEL T UNIVERSITY OF CALIFORNIA-SAN FRANCISCO Genetic models for exRNA communication

TUSCHL, THOMAS ROCKEFELLER UNIVERSIT Definition of Serum Ribonucleoprotein Composition and its Regulation and Function

Clinical Utility of Extracellular RNA for Biomarker Development (UH2/UH3) RFA-RM-12-013
CARTER, BOB S UNIVERSITY OF CALIFORNIA SAN DIEGO exRNA Biomarkers for Human Glioma

DAS, SAUMYA BETH ISRAEL DEACONESS MEDICAL CENTER Plasma miRNA predictors of adverse mechanical and electrical remodeling after MI

FREEDMAN, JANE E, UNIV OF MASSACHUSETTS MED SCH WORCESTER Extracellular RNAs: Biomarkers for Cardiovascular Risk and Disease

HUENTELMAN, MATTHEW J TRANSLATIONAL GENOMICS RESEARCH INST exRNA signatures Predict Outcomes after brain injury

LAURENT, LOUISE C UNIVERSITY OF CALIFORNIA SAN DIEGO ExRNAs for Early Identification of Pregnancies at Risk for Placental Dysfunction

PATEL, TUSHAR MAYO CLINIC JACKSONVILLE Extracellular non-coding RNA biomarkers of hepatocellular cancer

SAUGSTAD, JULIE ANNE OREGON HEALTH AND SCI UNIVERSITY Clinical Utility of MicroRNAs as Diagnostic Biomarkers of Alzheimers Disease

TUSCHL, THOMAS ROCKEFELLER UNIVERSITY Clinical utility of extracellular RNA as marker of kidney disease progression

WEINER, HOWARD L BRIGHAM AND WOMEN'S HOSPITAL Circulating MicroRNAs as Disease Biomarkers in Multiple Sclerosis

WONG, DAVID T UNIVERSITY OF CALIFORNIA LOS ANGELES Clinical Utility of Salivary ExRNA Biomarkers for Gastric Cancer Detection

Clinical Utility of Extracellular RNA for Therapy Development (UH2/UH3) RFA-RM-12-014
ABDEL-MAGEED, ASIM B TULANE UNIVERSITY OF LOUISIANA Targeting Tumor-Derived exRNA-Containing Microvesicles by High Throughput Screening

ARONIN, NEIL UNIV OF MASSACHUSETTS MED SCH WORCESTER Exosome based therapeutics in Huntingtons disease

KRAIG, RICHARD P UNIVERSITY OF CHICAGO Exosome RNA Therapeutics to Promote CNS Myelination

MATIN, AC STANFORD UNIVERSITY HER2-targeted exosomal delivery of therapeutic mRNA for enzyme pro-drug therapy

QUESENBERRY, PETER J RHODE ISLAND HOSPITAL Regulation of renal and bone marrow injury by extracellular vesicle non-coding RN

SCHMITTGEN, THOMAS D OHIO STATE UNIVERSITY Targeted delivery of microRNA-loaded microvesicle for cancer therapy

SOOD, ANIL K MD ANDERSON CANCER CTR Novel extra cellular RNA-based combinatorial RNA inhibition therapy

ZHANG, HUANG-GE UNIVERSITY OF LOUISVILLE Fruit exosome-like particles for therapeutic delivery of extracellular miRNAs

Extracellular RNA Communication Consortium
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TLDASpinal
Needle       

Banked CSF Samples

6-10 mL
11-15 mL
16-21 mL
21-25 mL

1-5 mL

RNA miRNA
Expression
Analysis

“Clinical utility of microRNAs as diagnostic 
biomarkers of Alzheimer’s disease” 
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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



500µL CSF

(Total) RNA Isolation
• mirVana Paris RNA Isolation kit
• 2 X 100µL elution (with H2O)

200µL 
Isolated RNA

Concentration
• Zymo Research RNA Clean & Concentrator-5
• Eluted with 9µL H2O 

~8µL 
Concentrated 

RNA

8µL Reverse 
Transcription  

Reaction 
Volume

25µL Pre-
Amplification

Reaction 
Volume

100µL Diluted 
Pre-Amplification 

Reaction 
Volume

900µL PCR Detection 
Master Mix 

Reaction 
Volume

Transfer 
3.2µL

Transfer 
3.2µL

Transfer 
2.5µL

Transfer 
2.5µL

Transfer 
18µL

75µL 
H2O+ =

75µL 
H2O+ =

450µL 2X TaqMan PCR 
MasterMix

+
432µL H20

Transfer 
18µL

miRNA Pool “A”

miRNA Pool “B”
450µL 2X TaqMan PCR 

MasterMix
+

432µL H20

800µL Loaded on 
TLDA Card

TLDA 
Pool “A”

800µL Loaded on 
TLDA Card

TLDA 
Pool “B”

Assay Results for 754 human 
microRNAs 

(384 assays per TLDA Card)

CSF to Array Data Process



miRNA data generation:

• 99 CSF samples
• 756 miRNAs probed per sample
• 332 miRNAs with signal to include in analysis
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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 TaqMan 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 ΔCt

Jodi Lapidus
Theresa Lusardi

Perform Statistical Analysis of Human miRNA Array Data
Identify High-Priority miRNA Candidates

Correlate Candidate miRNAs with Clinical Characteristics

UH2 Study Design and Flow
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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

Combinations of CSF miRNA discriminate AD vs. Control

Average performance over models
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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

CSF miRNAs add incremental value to a current AD biomarker - ApoE4

Average performance over models
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Performance of ApoE4 
alone in our subjects 
has AUC of 0.74. 
(gray)

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

Combining ApoE4 with 
best performing 4 
marker models yields 
AUC=0.94. (red)

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

Average performance over models

CSF miRNAs add incremental value to a current AD biomarker - ApoE4



Conclusions:

• CSF miRNAs are promising as novel 
biomarkers in neurodegenerative disease
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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
– Identical proteins produced in periphery
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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

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