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Liquid Biopsy Shows Early Promise in Detecting
Cancer
Standard Biopsy: Time
intensive procedure, localized
sampling of tissue, some pain/
risk, Invasive, not easily
obtained, late disease stage
Liquid Biopsy: Quick,
comprehensive tissue
profile, easily obtained,
minimal pain/risk, minimally
invasive, early detection

https://directorsblog.nih.gov/2018/01/30/new-liquid-biopsy-shows-early-promise-in-detecting-cancer/

Innovation in Cardiovascular Disease Remains a
Challenge
Clinical Need
● 17.3 million deaths per year globally due to CV disease
● CV disease remains the largest source of healthcare burden with $200bn in
costs in the US alone
● Cardiac Resynchronization Therapy (CRT) alone is estimated to waste >$7bn
in EU alone due to non-responders

Innovation Challenges
● Inability to stratify patients most likely to benefit from therapies have limited
improvements in CV outcomes
● Newer cardiovascular drugs (PSCK-9 inhibitors, immunomodulators) face
challenges with adoption given variable clinical benefit to heterogeneous
populations

Patients Response differently to Cardiac
Resynchronization Therapy (CRT)
•

Cardiac resynchronization
therapy (CRT) treats electric
dyssynchrony in heart failure
patients

•

Mitigates progressive decline in
left ventricular function and poor
prognosis in patients with heart
failure

•

>30% of the patients treated with
CRT do not derived clinical
benefits
http://watchlearnlive.heart.org/

Circulating MicroRNA-30d is associated with Response to
Cardiac Resynchronization Therapy (CRT) in Heart Failure

Found MIR30d level within
patient plasma is associated
with CRT treatment outcome
in heart failure patients
Melman, et al Circulation (2015)

Regulatory Extracellular miRNA as Biomarkers
miRNA Regulate Gene Expression

‘Eavesdrop’ inter-tissue communication

•
•

miRNA (~20bp) affects intercellular physiological process by regulating gene expression
Measuring exRNA in blood intercepts communication between tissues in response to current body
condition and disease state

•

Could provides temporal prognostic information for treatment outcome

NGS as a tool for Extracellular microRNA
Biomarker discovery
Benefits
• High sensitivity to wide microRNA
expression range
•

Sequence data contain high amount of
information

Challenges
• Limited knowledge of RNA characteristic
within extracellular space
•

Low quantity and difficult to isolate

•

No established analytical standard for
exRNASeq expression data

Evaluate ExRNA data reproducibility

RNA
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Overall Strategy
• RNA extraction and library
preparation were optimized iteratively
to increase yield

RNA Extraction Optimization

• Plasma sRNASeq was performed on
3 healthy subjects with duplicates
• Compare identified miRNA levels
with published plasma miRNA data
Danielson, et al, PLoS One (2017)
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Comprehensive proﬁling of circulating microRNA via
small RNA sequencing of cDNA libraries reveals
biomarker potential and limitations
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We proﬁled microRNAs (miRNAs) in cell-free serum and plasma
samples from human volunteers using deep sequencing of barcoded
small RNA cDNA libraries. By introducing calibrator synthetic oligonucleotides during library preparation, we were able to calculate
the total as well as speciﬁc concentrations of circulating miRNA.
Studying trios of samples from newborn babies and their parents
we detected placental-speciﬁc miRNA in both maternal and newborn circulations and quantitated the relative contribution of
placental miRNAs to the circulating pool of miRNAs. Furthermore,
sequence variation in the placental miRNA proﬁles could be traced
to the speciﬁc placenta of origin. These deep sequencing proﬁles,
which may serve as a model for tumor or disease detection, allow us
to deﬁne the repertoire of miRNA abundance in the circulation and
potential uses as biomarkers.
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he discovery of novel biomarkers holds the promise of early
detection and improved prognosis in many neoplastic and infectious diseases (1–4). A particularly promising class of molecular
biomarkers are microRNAs (miRNAs) (5–8). miRNAs are short
(22 nt), single-stranded, noncoding RNAs that bind messenger
RNA (mRNA) in a sequence-speciﬁc manner to regulate gene
expression (9, 10). miRNAs play an essential role in fundamental
biological processes such as differentiation, proliferation, apoptosis and homeostasis (11). Over 500 miRNAs have been identiﬁed in humans (12, 13). Single or multiple miRNA precursors are
produced in the nucleus through cleavage of longer transcripts by
the endoribonuclease III enzyme, Drosha (14, 15). These products
then undergo further processing in the cytoplasm by another
RNase III endoribonuclease, Dicer.
Alternate processing versions of the predominant miRNA are
termed isomiRs and result in mature miRNAs that can vary from
the genomic sequence (16). IsomiRs are products of several processes, including modiﬁcation of the 3′ end by nucleotide additions
(typically adenines or uridines), internal editing of nucleotides,
and 5′ end deletion/addition resulting from variability in the
precise cleavage site by Drosha and Dicer (17). Changes in the relative
distribution of isomiRs have been found in different developmental and disease states. For example, nontemplate additions of
adenosines to the 3′ ends of miRNAs are highly abundant early in
Drosophila development (18); some isomiRs preferentially occur
in benign gastric tissue, whereas other isomiRs preferentially
occur in gastric tumors (19).
miRNAs have tissue-speciﬁc expression patterns and hence
are appealing biomarker candidates. miRNAs, including tissue-

patterns may serve as a ﬁngerprint of the tumor source and
marker of disease aggressiveness (26). However, recent theoretical predictions have suggested that a given tumor would have
to reach a diameter of 1 cm, ∼9 y of growth for a typical ovarian
cancer, to be detectable using current techniques for detecting
circulating biomarkers (27).
To evaluate the potential use of circulating miRNAs as biomarkers of disease, we characterized miRNAs present in circulation using a deep-sequencing approach (28). RNA sequencing
allows quantiﬁcation of miRNAs, identiﬁcation of isomiRs, and
detection of novel miRNA sequences (29). We chose human
placenta as a model to study tissue-speciﬁc miRNAs in the blood
because it is present exclusively during a well deﬁned period,
namely pregnancy, is relatively large (400–500 g) and well perfused, receiving 20% of the total maternal cardiac output thereby
being more likely to contribute to circulating miRNAs (30). Thus,
the placenta could serve as a model for studying solid tumor
contribution of miRNA to circulation.
Several pregnancy-related diseases have been associated with
changes in the miRNA proﬁle in placenta. Therefore, in addition
to serving as a model for solid tumors, detection of placental
miRNAs can be used as a biomarker for pregnancy-related disorders. Preeclampsia is a common and potentially serious complication of pregnancy that affects 5–8% of all pregnancies and is
characterized by the development of hypertension and proteinuria
(31). Although different hypotheses have been put forth, the underlying etiology of preeclampsia is unknown (32). Analysis of
miRNAs from formalin-ﬁxed placental specimens of preeclampsia
patients has demonstrated altered miRNA proﬁles (33–35). Deep
sequencing of miRNAs obtained from placental tissues suggests
that, in the setting of preeclampsia, the isomiR proﬁle is altered
with increased 3′ end addition of an adenosine (36). Although
these studies provided biological insight, their clinical utility is
limited by the necessity of obtaining placental tissue after delivery.
Attempts to detect plasma miRNAs in maternal plasma have thus
far been limited to microarray and quantitative RT-PCR
approaches (28, 37). Detecting placental miRNAs by deep sequencing could direct speciﬁc noninvasive diagnosis of these diseases of pregnancy.
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ExRNA Biomarker Discovery for CRT prognosis
prediction – experimental set up
Select extracellular miRNA candidates from discovery cohort
RNA sequencing of beneficial vs adverse remodelers
(n=11 each)

Discovery phase

Validate extracellular miRNA candidates in validation cohort
High throughput qPCR of 331 plasma samples from posttreatment patients

Mouse model of
ischemia. Plasma
and LV tissue miRNA
measured at baseline,
24 hrs, 1week, and 4
weeks

Cell-specific miRNA
expression. miRNA
candidates measured
in isolated

Cardiomyocytederived exRNA.
miRNA candidates
measured in cells and
Evs released into
culture media
following hypoxia/
reoxygenation

Validation phase

ExRNA Biomarker Discovery for CRT prognosis
prediction – Analysis Strategy
Discovery (n=22)

Validation (n=331)

NGS Reads

RT-qPCR.

Map to sRNA

Quantify

Normalize

General Linear Model.
Determine differential
expressed miRNA from
RNASeq using edgeR.

miRNA Candidate
Panel (n=21)

PC Analysis. Obtain groups
of miRNA with high
component loading (>60%)

Linear Regression on PC.
Determine association between
PC and clinical factors

Funct. Enrichment on miRNA
from PC

Principle Component Analysis on the miRNA
candidates
- Small separation between
adverse and beneficial
remodelers based on exRNASeq data
- Likely due to small sample
size and variable sample
quality
- 33 miRNA candidate panel
was used with 12 known
miRNA added

miRNA with high PC loadings are associated with
clinical factors and pathways
- Vast majority of these patients
exhibiting relatively favorable
LVRm
- PC analysis compress miRNA
into sets to compare against
CMR measurements
- miRNA show strong theme of
inflammatory and fibrotic
pathways

Candidate miRNA expression form distinct cluster by
cell type and hypoxia state

Summary
• Extracellular RNA content reflects disease biology
• Advance in NGS technology enables comprehensive
survey of extracellular RNA from biofluid
• Extract RNA sequence information from archived
biofluid remains challenging
• Extracellular RNA biomarker offers the possibility to
track dynamic disease state of complex CV
pathophysiology and population heterogeneity
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