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Laboratory total testing procedure that
enables harmonisation
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umi
L

AEEDEENZ R

1. 9fai7aeXx
2. AT 70€X
3. IO EX

BIEMIE D THEOCABLGE, DT DOHAIZE>TEENT S0
[T TIEEL, P BT IR TEIELRUITH S, I,
DHAIZREDOZZEMNEL, TEhL., & EZEWD, ECT,
EDLOITEBMLIE=M, FERBOEBEE D KIS(TH-
F=h(RTF. k. BTARIBELGE) A, BIEEIZEEZEZRITT,




SR 7O ERATIS—HHEH

* Preanalytical errors still account for nearly 60%—70%
of all mistakes occurring in laboratory diagnostics, most
of them attributable to mishandling during collection,
handling and preparing the specimens for testing.

SHHITAOER 682% — 61.9%
SO+ RX  13.3% — 15.0%

SEIOLR 185% — 23.1%
(Plebani &. Clin Chem 1997 — CC 2007)

errors

Missing sample and/or test request
Wrong/missing identification

In vitro haemolysis

S /]" <

S -

1
1

N

4.

SO OONDN

Undue clotting

Wrong container

Contamination from infusion route

Insufficient sample

Inappropriate blood to anticoagulant ratio
Insufficient mixing of the sample

Inappropriate transport and storage conditions
Inappropriate centrifugation conditions

Lippi G, et al. Preanalytical quality improvement: from dream to reality. CCLM 2011
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Example of the Biological Variation (BV)
BAERNES | FBAEBEZEE | EEERER

*ﬁEIEE Within—subject | Between—subject Reference
change value

AFP 12.2 45.6 0.27
CA19-9 16.0 130.5 0.12
CEA 12.7 99.6 0.23
CA15-3 6.1 62.9 0.10
CA125 24.7 94.6 0.45
ALP 6.45 26.1 0.25
LLS; 2.99 15.3 0.39

Na 0.6 0.7 0.86

https://www.westgard.com/biodatabasel.htm#11
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Circulating miRNAs | Tissue miRNAs
e

Specimen collection . .
Time ex vivo

Storage miRNA extraction
miRNA labeling

miRNA stability Coaive

Blood cell count
Age

Hemolysis Diet Storage
Exercise

Race . . !
Plasma volume Altitude Microdissection

Plasma components/ Drugs and . .
Polymerase inhibitors chemicals Immunohistochemist

N. Becker, C.M. Lockwood / Clinical Biochemistry 46 (2013) 861—-868



—log10(q)

miRNA®D E 5. BMI. T8I & DR %

B Age
A BMI
* Sex

miRNAs (ordered lexicographically)

Association g-values of miRNAs in two-step regression models with adjustment for technical and
biological parameters. The -log10(q) values of the linear regression analysis of miRNA levels and
phenotypes age (blue rectangle), BMI (green triangle) and sex (red circle) are depicted. Q-values
were obtained via Benjamini-Hochberg (BH) multiple testing correction of raw p-values. The dotted
line marks the significance threshold of @ = 0.05. Plasma miRNAs are lexicographically arranged on
the x-axis (though not labelled individually)

Ameling et al. Associations of circulating plasma microRNAs with age, body mass index and sex in a
population-based study. BMC Medical Genomics (2015) 8:61
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Figure 3. Temporal patterns of miR-494, miR-152 and miR-142-3p expression in mouse serum.

Relative miRNA Expression (%)

Relative miRNA Expression (%)

00 MiR-494 o
* &
20
H"
i1
20
I
L Ir (i L 1 01
4 B 12 16 20 24
Time (ZT)
1004 MiR-142-3p
W.
R
-‘J "«
LU F %
% -r'-}'__-i‘ r ‘
- -.“ F LY
20 1'.‘
[— |

=
L

o 4 B 12 16 20 24

Time (T}

g

Relative miRNA Expression (%)

miR-152
] w
W-
W-
4&_
w-
L
31||r|||1||r11_|_|'_‘|_l_|_|'_‘|_l_|_|'_‘|_|'
0 4 8 12 16 0 24
Time (ZT)

@ PLOS|ONE

Shende VR, Goldrick MM, Ramani S, Earnest DJ (2011) Expression and Rhythmic Modulation of Circulating MicroRNAs Targeting the Clock
Gene Bmall in Mice. PLOS ONE 6(7): €22586. https://doi.org/10.1371/journal.pone.0022586

https://journals.plos.org/plosone/article?1d=10.1371/journal.pone.0022586
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=1 miR-1
miR-17
miR-19b
mif-21
miR-27a
miR-27Db
miR-29a
miR-29¢
miR-300b
miR-30e
miR-26

miRNAs up and down regulated by
exercise training in different tissues and
in the circulation

o

S

mif-126
miR-133b
miR-144
mif-145
miR-150
miR-2083
miR-216a

miR-484
miR-488

Heart

miR-1
miR-22
miR-23b
miR-100
miR-124
miR-143

miR-181a
miR-181a
miR-208a
miR-208b
miR-214
miR-425

=

miR-1

miR-23a
miR-27a
miR-107
miR-126
miR-136

miR-181
mif-200c
mifF-376a
miRf-377
mif-499b
mif-558

Skeletal Muscle

miR-1
miR-16
miR-21
miR-23
miR-28
miR-30d
miR-133a
miR-133b
miR-204

miR-206
miR-330
miR-345
miR-375
miR-378
miR-448¢
miR-483

miR-486
miR-494
miR-509
miR-520a
miR-548an
miR-628
miR-653
miR-670
miR-696
miR-761
miR-889
miR-1245a
miR-1270
miR-1280
miR-1322
miR-3180

miR-20a
miR-21

miR-103
miR-107
miR-126

miR-146a
miR-221
miR-222
miR-376a

Circulation
(serum/plasma)

let-7d
miR-16
miR-21
miR-25
miR-27a
miR-28

miR-185
miR-192
miR-193b
miR-342
miR-486
miR-766

miR-7a
miR-15b
miR-21
miR-28a

miR-98
miR-105
miR-133b
miR-148b

Other Conditions#*

miR-15b miR-189a

*QOther conditions

miR-148a

included spinal cord
lesion and brain
phenotypes.

MicroRNAs as Important Regulators of Exercise Adaptation. Prog Cardiovascular Diseases 2017; 60: 130-151.
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Sample matrix ~ miRNA behavior Reference

Plasma-EDTA Best anticoagulant for PCR-based (miRNA) profiling [84]
Higher levels of miR-223 compared to the other |185]

matrices
Plasma-heparin Interferes with enzyme activity in PCR-based assays [14]
Lowest levels of both miR-16 and miR-223 185]

Plasma NaF/KOx Suitable alternative to EDTA, but it can determine |185]
increased miENA detection compared to the other
matrices
Higher levels of miR-223 compared to the 185]
other matrices
When NaF/KOx are added to frozen samples, levels |85]
of miE-16 doubled in EDTA-plasma, and tripled in

Serum
Plasma-citrate  Interferes with enzyme activity in PCR-based assays |[14]
Serum Stable and reproducible 117]

Higher vanability of miR-16 and miR-223 compared |[85]
to the other matrices

Review: G. Lombardi et al. / Clinical Biochemistry 49 (2016) 1331-1339
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Results are reported as the difference in raw Cq values between the hemolyzed sample and
unhemolyzed (Neat) sample. The x axis is broken between 100 and 200 mg/dL (1.0 and 2.0
g/L) to highlight the effect of low hemoglobin concentrations. Positive results represent
increases in miRNA concentration. Error bars represent the SD.

Analysis of Circulating MicroRNA: Preanalytical and Analytical Challenges. Clinical Chemistry 57:6 (2011)




Relationship between free haemoglobin (Hb)
and miRNA content of plasma samples
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A dilution series of lysed
RBCs in plasma (top) was
prepared and Hb content
measured by absorbance at
414 nm [33]. RNA was
isolated from the samples
indicated by the box and
levels of miR-16 and miR-
451 were quantified using a
standard curve. While a
change in plasma colour is
only clearly visible from a
RBC concentration of
0.125% (v/v) the amount of
free Hb as well as this of
both miR-451 and miR-16
already substantially
increased at a RBC
concentration of 0.031%

(V/V).

Kirschner MB, et al. PLoS ONE
6: e24145, 2011
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Paired plasma (left 3 columns) and serum (right 3 columns) samples were obtained from 10 healthy
individuals. We spiked 400 L of the uncentrifuged (Unspun) and 2 supernatant aliquots with C. elegans
cel-miR-54, extracted the RNA, and analyzed the samples for miR-15b (A), miR-16 (B), miR-24 (C),
and cel-miR-54 (D). The resulting miRNA concentrations are reported as raw Cq values. The boxes
represent the 25th and 75th percentiles; the horizontal line in each box represents the mean; the error bars
indicate the range. Significant differences (P< 0.05, Wilcoxon signed rank test) from the unspun control
(*) and significant differences between the 15 000g and 355 000g centrifugation steps (**) are indicated.

Analysis of Circulating MicroRNA: Preanalytical and Analytical Challenges. Clinical Chemistry 57:6 (2011)
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Platelet-rich
plasma showed
markedly higher
levels of
miRNAs than
serum and
platelet-poor
plasma.
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In contrast,
antiplatelet
therapy
significantly
reduced miRNA
levels.
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Circulating MicroRNAs as Novel Biomarkers for Platelet Activation. Circ Res. 2013;112:595-600.



\L

vy

BITHIRIDSELE

sample donor miR-142-3p  let-7a miR-223 miR-16 miR-451 miR-122

1-1 53 41 43 57 0.1 14

12 57 39 39 25 0.1 17

2.1 5.0 38 38 16 0.6 0.5

PIateIetCONC 2.9 54 41 41 27) 03 0.4

3-1 57 56 56 24 0.5 0.2

3.2 6.3 53 53 26 03 0.0

11 35 50 5515 13 05 0.9

12 34 39 55 13 05 0.8

T 01 3.1 35 35 12 0.6 02

Plasmaﬂl@“ 2.2 39 36 36 1.1 0.2 0.3

3-1 46 43 43 10 02 0.2

3.2 43 “15) 42 0.9 03 0.3

. 1-1 02 038 08 05 038 13

NOI’IT(?I!Ized 12 0.1 05 05 07 04 06

2-1 07 0.4 0.4 05 08 05

Difference Plasmastp 2.2 13 05 05 1.1 0.0 02

3-1 2.1 1.7 17 1.0 05 0.0

from Mean 3.2 25 19 1.9 08 0.0 0.0

11 3.0 28 2.8 15 0.2 07

12 27 23 23 11 06 1.1

2-1 20 23 23 1.0 0.4 0.2

Plasmapoor ». 29 25 25 12 01 0.1

3-1 29 6% 37 1.0 0.1 0.0

3.2 57 35 35 11 03 02

1-1 6.2 55 55 1.9 0.2 05

1-2 6.4 55 55 20 0.4 06

2-1 53 47 47 14 0.2 0%

PlasmaFILT 2-2 5.2 46 46 11 0.0 0.5

3-1 51 45 45 15 0.0 o

3-2 4.6 4.0 4.0 1.8 0.8 0.0

Plasmarcuto | 107 | 92 92 5 1 1
Plasmapoor
Average Plasmagsp to

STD

Fold Plasma 21 19 19 2 2 1

Difference FILT

Plasmapgoor to
Plasmag 1

6

4

4
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Plasma Processing
Conditions
Substantially
Influence Circulating
microRNA
Biomarker Levels.
PLoS ONE §(6):
e64795.
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Results are presented as the difference in raw Cq
values from the 0-h control. Positive differences
represent decreases in miRNA concentration, and
negative differences represent increases in miRNA
concentration. P values were determined by using
repeated measures ANOVA.

Analysis of Circulating MicroRNA: Preanalytical and Analytical
Challenges. Clinical Chemistry 57:6 (2011)
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Stability study of circulating
miRNAs in plasma at different
storage time and temperature
conditions. A and B: cel-miR-39. C
and D: hsa-miR-21. E and F: hsa-
miR-16. The results are presented as
differences in raw Cq values from
the 0-hour control (Oh) (positive
differences represent decreases and
negative differences represent
increases in miRNA concentrations)
and as percentage recoveries from
the Oh for each miRNA. The data
represent the means SD of three
independent experiments. Statistical
evaluation was based on the U-test.
*P<0.05.

Quantification of Circulating miRNAs

in Plasma Effect of Preanalytical and
Analytical Parameters on Their
Isolation and Stability.

J Mol Diag 15(6), 2013
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The levels of miRNAs decline
with different kinetics in serum.
Serum (n > 3) was separated
from blood cells directly after
blood drawing and incubated at
room temperature for different
durations (0, 1, 3, 5 or 24 h)
before extraction of the RNA.
Levels of five different
microRNAs (miR-1, miR-16,
miR-21, miR-122 and miR-142-
3p) were analyzed by reverse
transcription realtime PCR and
normalized to their initial values.
To test for statistically significant
differences between the five
microRNAs a Kruskal-Wallis test
with multiple Dunn comparison
and Bonferroni-Holm correction
was performed. This revealed
significant differences between
miR-16 and miR-122(P < 0.001)
and miR-21 and miR-122(P <
0.01).

mMiRNA level (fold of initial)

1.6 9

1.2 4

" —o— miR-1
—8— miR-16

—&— MiR-21

T miR-122
—— miR-142-3p

Time (h)

Differential Stability of Cell-Free Circulating microRNAs: Implications
for Their Utilization as Biomarkers. PLoS ONE 8(9): ¢75184, 2013.
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(A) Serum was incubated for 0, 5 or 24 h with or without RI (0.2 U/uL serum) before RNA isolation.
Levels of miR-16 and miR-122 were analyzed by RT-real-time PCR and normalized to the initial value
(0 h). A representative figure from three independent experiments with similar results is displayed. (B)
Serum was incubated for 24 h with different concentrations of RI (0, 0.1, 0.3 or 0.5 U/uL serum), miR-
16 and miR-122 levels were analyzed and normalized to the corresponding levels without serum
incubation. The data shown is representative for three independent experiments with similar results. (C)
Whole blood in serum tubes (n = 3) was incubated with and without RI (0.3 U/uL blood) for 0, 1, 3, 5 or
24 h at room temperature, followed by separation of serum from blood cells. RNA was isolated from 200
uL of serum and miR-122 levels were analyzed by reverse transcription real-time PCR. MicroRNA
levels were normalized to the initial value at timepoint 0. Wilcoxon-Mann-Whitney-U test revealed
statistical significance (P < 0.001) between miR-122 serum levels with or without RI.

Differential Stability of Cell-Free Circulating microRNAs: Implications for Their Utilization as Biomarkers. PLoS ONE 8§(9): e75184, 2013.



MmiIRNATIEESTLEOD



F—R2ILEIUVELZDmRNAEIZEBETEETRD TS

(@) 40000
-
300 00 o
* o
200 00 °
° & °
° o o0
o ° ° o
§ 100 00 o® ’. °
LA »
..os‘. - ° o
o] ®
0 20 40 80 80 100 120
eGFR
(®) 400 00
0
§ 300 001
E 200001 *
o
Q )
g 100001
0007 %
Normal  Stage3  Stage4  ESRD

(a) miR-16 (b) miR-21

S 0gg . 289
S IR T oy B

1004 "o

a0 1404

ﬁor‘mal suée 3 Staae 4 ES.RD Not’mal Staée 3 Slaée 4 EshD

miR-155 (d) miR-210

ST 188 g |

Normal Stage 3 Stage 4 ESRD

-
)

40.Ct value
p
{1

40-Ct value

Normal Stage 3 Stage 4 ESRD

(8) miR-£38
% 7s. | -
P g O H | ESRD: end-stage
$ e | ‘ 0 renal disease

1.0 l

%8

Normal Stage 3 Stage 4 ESRD

Circulating microRNA expression is reduced in chronic kidney disease. Nephrol Dial Transplant. 2011;26(11):3794-3802.



MmiIRNATIEESTLEOD

4. AE (DITOREL S, BETE)



Efficiency of RNA extraction methods for miRNA
detection by RT-qPCR in different cell density
conditions, using a fixed RNA quantity
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Assessing cellular and circulating miRNA recovery: the impact of the RNA isolation
method and the quantity of input material. Scientific Reports 6: 19529 (2016)

The results represent average
Cq values obtained for (a)
mir-106a. RNA samples from
25 x 103,200 x 103 and 800 x
103 A549 cells were obtained
by extraction with either
Trizol® LS, miRNeasy®, or
miRCURY™, in the presence
or absence of MS2 carrier.
The detection of miRNA was
performed by RT-qPCR
starting with 5 ng of total
RNA/RT reaction. The mean
values = SD of 3
independent experiments are
shown. *P < (.05 ***P <
0.001.



Detection of miRNAs in plasma by RT-qPCR, using
different RNA extraction methods and fixed RNA volumes
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(a) RNA was extracted from 200 p L of plasma (n = 6). Exosomes were isolated from 2 x 2 mL of plasma (n = 3), then
subjected to RNA isolation. The results represent mean Cq values = SD, using 2.5 u L of RNA/RT reaction. Expression
levels of plasma mir-106a, mir-222 and mir-223 were normalized to mir-16 levels and expressed as fold change relative
to miRNeasy® condition under the histograms. (b) RNA was isolated from 200 p L of plasma (n = 3) containing 25 fmol
of cel-mir-39-3p as a spike-in control directly added into the lysis solution before mixing it with the plasma sample. The
results represent mean Cq values £ SD, using 2.5 p L of RNA/RT reaction. **P < 0.01 ***P <(0.001.

Assessing cellular and circulating miRNA recovery: the impact of the RNA isolation method and the quantity of input material. Scientific Reports 6: 19529 (2016)
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The use of synthetic spike-ins to control RNA isolation quality. Three synthetic RNA
spike-ins in different concentrations are used to control yield (UniSp2, UniSp 4 and
UniSp5). A fourth Spike-in, UniSp6 is used to monitor the cDNA synthesis reaction for
signs of inhibition and UniSp3 IPC is used to monitor PCR efficiency. Each plasma
sample has been extracted five times and error bars show the standard deviation between
extractions. A significant difference in the Cq values for UniSp6 indicated the possible
presence of RT inhibitors in sample two.

Blondal T, et al. (Review) Assessing sample and miRNA profile quality in serum and plasma or other biofluids.

Methods 2013;59: S1-S6




Typical mIRNA diagnostic workflow

Clinical specimens

Liquid || Solid

Y
miRNA extraction

Guanidinium thiocyanate-phenol-chloroform

l

miRNA quality control

UV spectrophotometry and agarose/polyacrylamide gel electrophoresis || Fluorescent dye-based quantification

l

miRNA detection

l

A

Next-generation sequencing || qRT-PCR || Microarray | NanoString || RNA ISH

A

Data acquisition and statistical analysis

Gustafson D, et al. microRNA-guided diagnostics in clinical samples.
Best Practice & Research Clinical Endocrinology & Metabolism 30 (2016) 563-575



Practice points

Be aware of scientific and methodological issues that can affect
miRNA clinical testing.

Record pre-analytical variables for all clinical samples.

Assess RNA quality. Low RNA Integrity Numbers should not
discourage miRNA clinical testing.

Match miRNA detection method to diagnostic need. Establish
criteria for accepting or rejecting miRNA clinical test results.

Use miRNA online resources to evaluate miRNA diagnostic
tests and results.

For optimal miRNA-guided diagnostics, assemble a working
group 1nvolving clinicians, laboratory scientists, and
statisticians.

Gustafson D, et al. microRNA-guided diagnostics in clinical samples.
Best Practice & Research Clinical Endocrinology & Metabolism 30 (2016) 563-575



Research agenda

To advance miRNA-guided diagnostics, the following research activities are

recommended:

1. Defining miRNA sequences thorough iterative miRNA database curation.

2. Establishing a comprehensive human miRNA expression atlas through
profiling of common and rare cell lines and dissociated tissues.

3. Evaluating the impact of pre-analytical variables on miRNA detection.

4. Designing novel and improving existing miRNA detection technologies.

5. Performing cross-platform comparisons of miRNA detection methodologies.

6. Building user-friendly online resources for analyzing and comparing miRNA
expression data.

7. Elucidating the best statistical approaches for analyzing miRNA clinical data.

8. Performing feasibility studies for implementing and automating miRNA

testing in routine clinical practice.

Gustafson D, et al. microRNA-guided diagnostics in clinical samples.
Best Practice & Research Clinical Endocrinology & Metabolism 30 (2016) 563-575
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Significance of EQA Scheme
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