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Extracellular RNA composition
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‘

“ 40 -96% miRNA

“3-56% rRNA

11 -51% tRNA

< 1% snoRNA & snRNA



Importance

MIRNA are usually associated with diseases
(1921 mature miRNA annotated in miRBase)
L>Non-invasive biomarkers.

Normal Control Ovarian cancer patient

SINE tRNA
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Diagnostic potential

Table 1| Circulating miRNAs with biomarker potential to diagnose acute myocardial infarction (AMI).

Candidate miRNA(s) Organism Source Sample size Correlation Reference

1, 133a, 133b, 499-5p Human; mouse Plasma 33 patients, 17 healthy; Elevated levels distinguished cardiac damage patients from healthy

4-5 AMI and control mice subjects. Positive cormelation with Tnl®

1 Human; at Serum 31 patients, 20 healthy; High expression was associated with CK-MB®; positive comrelation Cheng etal. (2010)
8 AM| rats, 8 controls with myocardial infarct size
1 Human Plasma 93 patients, 66 healthy Up-regulation cormrelated with QRS® duration Aietal. (2010)
208a Human Plasma 33 patients, 30 healthy Present only in patients and showed to be more specific and sensitive Wang etal. (2010a)
thanTnl®
208b, 499 Human Plasma 32 patients, 36 healthy High levels correlated with TnT® and CPK® Corsten etal. (2010
499 Human Plasma 9 patients, 10 healthy Elevated expression correlated positively with CK-MB® activity Adachietal. (2010)
1, 1333 Human Serum 29 patients, 42 non-AM| Increased levels showed correlation with TnT®
133, 328 Human Plasma, 51 patients, 28 healthy High levels correlated with TnT°
whole blood
30c, 145, 1291, 663b Human Whole blood 20 patients, 20 non-AM| Elevated levels of 30c and 145 comelated with TnT%; 1291 and 663b Meder etal. (2011)

distinguished patients from healthy subjects

208b, 499 Human Plasma 510 patients, 87 healthy Increased levels comrelated with peak concentrations of CPK® and TnT® Devaux eta

2Cardiac troponin I; P creatine kinase muscle b; “QRS complex in an electrocardiogram; deardiac troponin T € creatine phosphokinase.
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Extracellular environment

 miRNA was found in various body fluids: serum, plasma,
saliva, tears, urine, amniotic fluid, breast milk, colostrum,
bronchial lavage, cerebrospinal fluid, peritoneal fluid,
pleural fluid & seminal fluid

« Synthetic RNA is degraded in < 5s in human plasma, but
ex-mRNA in serum and plasma is stable for hours

« pre-treatment of serum or plasma with detergents makes
MRNASs susceptible to degradation by RNases

Exosomes



Ago2 — Argonaute 2
NPMP1 — RNA-binding protein
nucleophosmin, a multifunctional

histone-binding protein
HDL — high density lipoprotein

@ HDL-miRNA complex

© @
e Shedding microvesicles

S

€ RNases

E 3 Ago2-miRNA complex
"* NPM1-miRNA complex

@ RNases
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T98 — human glioblastoma multiforma,
BEAS2B — lung bronchial epithelium

R ARSIUCPL R A LRSS TSI

MassSpec
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Methods

Cell culture:
HepG2, A549, T98 &
BSEA2B

Fractionation of culture medium
by sequential centrifugation

(1Kg, 16Kg, 120Kg & 220Kg)

RNA extraction

Microarray
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Extracellular

MIRNA spectra

Intracellular
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ex-miRNAs are most likely exported from
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Induction of miIRNA export

« When under stress cells alter their internal states
significantly leading to cell cycle arrest, and in
some cases cell death.

Hypothesis: cells could respond to this change of
state, in part, by exporting miRNAs

« Stress: serum deprivation
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Stress analysis results

- Mir-215 . mir-29a
o Mir <1330 e mir -219
o Mir-373  ~o—mir-16

—— Iir -23 e mir -452
e Mir -198b  —— mir -29¢
o Mir -564  —— mir-671 3p
e Mir -1358* . mir-17 -3p

—mir-23  — mir-181c
e mir-204 . mir-483-5p
—— mir 579 mir -30d
——mirA41*  __ mir-323
o Mir 423 . mir -671
—— mir -260 mir 214
——mir-205 - mir-488
—— mir -646 mir -125
— mir-15b mir -342
— mir-145 mir -22

Differences before and after serum deprivation

Differences between cell lines
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exRNA export kinetics

Is the exportation of mIRNA immediately after

serum deprivation from a pre-synthesized

miRNA pool? ...

Export
| Accumulation

..YES
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E xtracellular
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exRNA content analysis:
1 - separation

(a) Media (35 ml)

1 1,000 x g for 10min

16,000 x g for 60min

Pellet Supernatant

wash with 10 mL PBS 1 120,000 x g for 90min
16,000 x g for 60min l

16.5K Pellet (0.5ml)

Microvesicle fraction Pellet Supernatant
(size > to 1 um) '
. wash with 5 mL PBS 1 220,000 x g for 60min
Vesicle _
Fractions 140,000 x gfor90mln1
120K Pellet
Supernatant (15 ml)
(0.5ml) 220K Pellet
Exosome fraction (0.5ml) 1 Concentrate

(size <~100 nm)
Supernatant (0.5 ml)
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exRNA content analysis:
2 — results (A549)

i

O
3 > ™
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e mir-564 ~&-mir-323
mir-646 -14.00 + iad . o
mir-488 mir-373 ~d—mir-141
~=mir-181c 116.00 + -14.00 + -16.00
-18.00 -16.00 1800

Observations:

1. Various patterns for various miRNAs

2. miRNA content is cell specific for both extra and intracellular RNA

3. There are a couple of miRNA that are uniformly distributed
regardless the fraction and cell line of provenience
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RNA binding proteins released
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Table 1. List of all of the known RNA-binding proteins which we
observed with two or more peptide fragments in the medium

(2h after SD)

Gene symbol Number of Gene name
peptides
observed

HNRNPA2BI 2 Heterogeneous nuclear
ribonucleoprotein a2/bl

HNRPAB 3 Heterogeneous nuclear
ribonucleoprotein a/b

ILF2 2 Interleukin enhancer binding
factor 2, 45kda

NCL Nucleolin

NPMI Nucleophosmin (nucleolar
phosphoprotein b23, numatrin)

RPLI10A 2 Ribosomal protein 110a

RPLS 2 Ribosomal protein 15

RPLPI 6 Ribosomal protein, large, pl

RPS12 2 Ribosomal protein s12

RPS19 2 Ribosomal protein s19

SNRPG 2 Small nuclear ribonucleoprotein
polypeptide g

TROVE2 2 Trove domain family, member 2

18



NPM1

« NPM1 (nucleophosmin
1) is a nucleolar RNA-
binding protein,

* Nucleophosmin 1 is
implicated in the
nuclear export of the
ribosome

« Large quantities of
NPM1 were observed
outside of the cell

 NPM1 bound miRNA is
protected from RNase
degradation
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Protein Protection
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Conclusions

The exRBRNA spectrum varies upon cell
provenience and/or stress

ex-miRNA are exported after stress
exRNA export is energy dependent

exRNA is either in vesicle or protein bound
(NPM1)

The export of exBRNA is a mean of cell-cell
communication



Remarks

* Are RNA Binding Proteins promiscuous or
specific for exBRNA?

* Do have exRNA have specific binding motifs?

* exRNA purification & identification is limited
experimentally => How does this affect the data
analysis ?
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Data availability

ExoCarta

QUERY BROWSE DOWNLOAD HELP
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mi%n@[@[a

Extracellular/Circulating microRNAs database
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Sequence mappin

Sequence Databases Sequencing Data
miRBase —> CTORNA l

mRNA and Format Data (fastq file)
Ensembl — noncoding RNA l

é ALEXA_seq > Exon junction PrepI’OCGSS (l'emove |OW

- quality reads, trim adaptors,
| and remove poly A)
UCSC Genome — > Genome l

l Generate non-redundant
v > Human microbiome sequences

!

miRBase ———>  Exogenous microRNA

!

: Align sequences to targeted
‘ database (Blast, Bowtie) Unmatched

mRNA, noncoding RNA : sequence for
and genome of bacteria Matched Sequences next database
: Perfect match unless for
NCBI —> l : databases labeled in gray
RNA and DNA sequences .
from various species : 1
Note: Different sequence mismatch tolerance allowed (0, 1 and 2 mismatches) . SearCh Result Flles
for the sequence databases labeled in gray J
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Data quality

Private Lab Data

Normal Colorectal cancer

(average of 3) (average of 3) (average of 3)

4 | I | | B | ¢
100%

90%

80%

70%

60% -

Sequence Distribution

Ulcerative colitis

Sequence Distribution

Public Data

Human Serum
(SRR332232)

Yeast Culture
(SRR014350)

80% -

70%

60% ® Unmapped Sequence

Other Sequence
50% M Fungi Sequence
W Bacteria Sequence

O, o
40% m Endogenous Sequence

30%
20%

10%

0%
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Remarks

« Experimental bottleneck: separation and
identification of exogenous and endogenous
RNA



Thank You!
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