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Abstract

Attention-deficit/hyperactivity disorder (ADHD) is the most common child-hood onset
neuropsychological disorder, characterized by symptoms such as inattention and
hyperactivity/impulsivity in varying severity across situations and over periods of time. It is
thought that the symptoms derive from aberrant regulations of neurotransmitters, specifically,
the catecholamines; Serotonin, norepinephrine and dopamine. Individuals effected by the
disorder show difficulties in academical and social situation, as well as a higher likelihood of
harmful outcomes such as substance abuse criminality, unemployment or other financial
challenges. Poor understanding of ADHD s ethology causes clinical assessment to be the best
diagnostic tool, following the guidelines from International Classification of Diseases 11th
revision (ICD-11) and Statistical Manual of Mental Disorders 4th edition (DSM-I1V).
ADHD's prevalence is estimated to be 5-6% in youth, with one third of the youth carrying the
disorder to adulthood. Twin studies have shown ADHD to be highly heritable, however it did

not explain some of the heritability, this could prove epigenetic factors involvement.

miRNA is one epigenetic factor that has been shown potential for detecting ADHD. Firstly, it
is well established that there is abundancy of miRNA in the central nervous system, and that
they effect many aspects of neural development. Secondly, There are studies showing
neuropsychological disorder ethology associated with aberrant miRNA function such as
fragile X syndrome schizophrenia autism spectrum disorder (ASD) and Alzheimer
disease(1);(2);(3);(4);(5);(6). Additionally, unlike mRNA, miRNA have been shown to be
stable and freely circulating in biofluids, as well as in archived biofluids. These reports have
been of importance for development of biomarkers derived from multiple fields such as

cancer and tumour prognosis, lifestyle diseases and neurodegenerative diseases.

In this study, we evaluated the feasibility of using circulating miRNAs from blood plasma as
biomarkers of ADHD. We investigated 1248 archived plasma samples gathered by MoBa,
from umbilical cords of children, and blood from mothers and fathers. They consisted of 624
child-cord maternal and paternal plasma samples, where the child had in later life been
clinically validated for ADHD according to the NPR diagnostics using ICD-10. The ADHD-
case group would be compared with 624 cord maternal and paternal derived plasma samples,
where the children were randomly selected non-ADHD participants that matched cases in age

and gender.



Firstly, the plasma quality was assessed by screening multiple quality control parameters.
Secondly, the analysis of miRNA expression of 16 miRNA, that has been reported to be
targeting potential ADHD candidate genes. A Predictive model for identifying ADHD-cases

was made using logistic regression on miRNA expression of the 16 relevant miRNAs.

There was a clear difference in discoloration between the cord samples then what was
observed in maternal and paternal plasma sample. The spectrometric assessment showed child
samples to be of low quality. Particle counts found paternal samples to contain more counts of
both microparticle and platelets then child and mother had. There is clear evidence that the
plasma quality used in this study is not optimal. There were no significantly different
expressed miRNAs. However, two miRNAs were observed to be interesting, miR-125a-3p
and miR-17-5p stood out from the remaining miRNASs both in comparing miRNA expression

between ADHD-cases and control, and as a contributor for the predictive model.



Abstrakt

Attention-deficit/hyperactivity disorder (ADHD) er den vanligste nevropsykologiske
forstyrrelsen ved barndom, preget av symptomer som uoppmerksomhet og
hyperaktivitet/impulsivitet i varierende alvorlighetsgrad pa tvers av situasjoner og over
perioder. Det antas at symptomene stammer fra avvikende regulering av nevrotransmittere,
spesielt katekolaminene; Serotonin, noradrenalin og dopamin. Personer som pavirkes av
uorden viser vanskeligheter i akademiske og sosiale situasjonen, samt stgrre sannsynlighet for
skadelige utfall som rusmisbruk og arbeidsledighet eller andre gkonomiske utfordringer.

Darlig forstaelse av ADHDs etologi farer til at klinisk vurdering er det beste diagnostiske
verktgyet, hovedsakelig i henhold til retningslinjene fra International Classification of
Diseases 11.revisjon (ICD-11) og Statistical Manual of Mental Disorders 4th edition (DSM-
IV). ADHDs prevalens anslas til & veere 5-6% hos ungdom, hvor en tredjedel av ungdommene
beerer sykdommen til voksen alder. Tvillingstudier har vist at ADHD er sveert arvelig, men
noe av arveligheten ble ikke forklart, dette kan veere bevise for involvering av epigenetiske
faktorer.

miRNA er en epigenetisk faktor som har potensiale til & oppdage ADHD. Det er veletablert at
det er overflod av miRNA i sentralnervesystemet, og at de pavirker mange aspekter av nevral
utvikling. 1 tillegg er det studier som viser nevropsykologis lidelse etologi assosiert med
avvikende miRNA-funksjon som fragil X-syndrom, schizofreni, autismespektrumforstyrrelse
(ASD) og Alzheimers sykdom (1 38); (2 39); (3 40); (4 41); (5 42); (6 43). I tillegg har
miRNA, i motsetning til MRNA, vist seg a vere stabil og sirkulere fritt i bioveaesker, sa vel
som i arkiverte biovaesker. Disse observasjonene har veert viktige for utviklingen av
biomarkerer avledet fra flere felt som kreft og tumorprognose, livsstilsykdommer og

nevrodegenerative sykdommer.

| denne studien evaluerte vi muligheten for & bruke sirkulerende miRNA fra blodplasma som
biomarkerer for ADHD. Vi undersgkte 1248 arkiverte plasmaprgver samlet av MoBa fra
navlestrenger til barn, og blodprgver fra mgdre og fedre. De besto av 624 barn mgdre og
fedre, hvor barna ble klinisk validert for ADHD i henhold til NPR-diagnostikken ved bruk av
ICD-10. ADHD-sak-gruppen ville bli sammenlignet med 624 barn mgdre og fedre, hvor

barna ble tilfeldig valgt ikke-ADHD-deltakere som samsvarte med tilfeller i alder og kjgnn.

Farste ble plasmakvaliteten vurdert ved a screene flere parametere for kvalitetskontroll.

Deretter ble miRNA-ekspresjonen av 16 miRNA, som er rapportert a veere komplimenter med

Vi



mulige ADHD-kandidatgener. En prediktiv modell for & identifisere ADHD-tilfeller ble laget
ved hjelp av logistisk regresjon pa miRNA-ekspresjon av de 16 relevante miRNAene.

Det var en Kklar forskjell i misfarging mellom barnas prever enn det som ble observert i mor
og fars plasmaprgve. Den spektrometriske vurderingen viste at barnas prgver var av lav
kvalitet. Partikkelantall fant at fars prever inneholdt flere tellinger av bade mikropartikler og
blodplater enn barn og mor hadde. Det er klare bevis for at plasmakvaliteten som brukes i
denne studien ikke er gunstig. Det var ingen signifikant forskjellige uttrykte miRNAer, men to
miRAN ble observert miR-125a-3p og miR-17-5p, de skilte seg ut fra de gjenvarende
miRNAene.

VI
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Introduction

The discovery of microRNAs (miRNA) as a crucial contributor for several biological
processes (7), coupled with the observation that miRNA is stable and freely circulation in
biofluids, highlighted the possibility of creating biomarkers based on miRNA derived from
biofluids such as plasma, serum and whole blood. (8). Further, there have been found
substantial evidence that aberrant miRNA levels are associated with neurological disorders
(9), as well as cancer prognosis (10), thus, they are ideal as biomarkers (11). The advantage of
using miRNA biomarkers that is derived from biofluids, is that it’s a less invasive method to
facilitate early diagnosis and prognosis. The introduction of miRNAs as a diagnostic method

to diagnose ADHD, have some promising features.

Firstly, biomarkers can replace clinical assessment to diagnose patients, mainly because
clinical assessment rely on already developed symptoms. With biomarkers A patient could be
screened for biological markers as soon as biofluids are available. Additionally, biological
markers would report empirical data which further could be used for determining diagnosis,

treatment and assessing severity of symptoms.

The development of empirical definitions for neuropsychological disorders such as ADHD,
allows for proper investigation and comparisons of symptoms, response to treatments, and
monitor disease progression. Biomarkers derived from biofluids such as plasma samples is a
convenient source for both patient and researcher. The invasive properties of such sample
collection allow from more systematic and regularly screenings. Most importantly, this makes

it reasonable to investigate archived plasma samples collected in biobanks.

The Norwegian Mother, Father and Child Cohort Study (MoBa) is a prospective population-
based pregnancy cohort study conducted by the NIPH. Participants were recruited from all
over Norway from 1999 to 2008, and the cohort now includes more than 114,500 children,
95,200 mothers and 75,200 fathers (12). Biological material in the form of whole blood and
plasma has been collected from the mother, the father and the child (umbilical cord blood)

and stored in the Norwegian institution of public health's Biobank, for future use (13).

To successfully discover miRNA-based biomarkers, the plasma quality should not be
contaminated and should be of high quality. The main reason is that the number of miRNAs

in plasma is so low and small contamination from preanalytical handling of the samples,



cellular leaked or hemolysis could alter miRNA levels greatly. Therefor analyzing plasma

quality is essential when searching for novel miRNA biomarkers (14).

In this thesis, the predictive value of 16 selected miRNAs to distinguish between ADHD case
and matched control will be evaluated. To do so, a plasma quality control protocol will be
established in order to assess whether the plasma samples from MoBa biobank have an
acceptable quality and can be used to find miRNA-based biomarkers of ADHD. miRNA
biomarkers distinguishing between ADHD cases and matched controls can be used as an early
diagnosis of ADHD. Identification of such predictive miRNA markers is of great significance
for intervention, effective postnatal management, medical advancement and neurological

understanding.

Attention deficient Hyperactive Disorder

Attention-deficit/hyperactivity disorder (ADHD) is the most common neuropsychological
disorder, and it causes a dysfunction of the executive functioning through effecting
neurotransmitter, mainly in the frontal lobes. This causes symptoms such as inattention and
hyperactivity/impulsivity in varying severity across situations and over periods of time
(15),(16). An extensive meta-analysis estimated ADHD's prevalence to be 5-6% in youth
7).

Our limited understanding of ADHD s ethology causes clinical assessment to be the main
diagnostic tool, mainly following the guidelines from International Classification of Diseases
11th revision (ICD-11) and Statistical Manual of Mental Disorders 4th edition (DSM-1V)
(17). However, the diagnostic methodology of ADHD is flawed, as there is a 2:1 ratio
between the genders, a ratio that is not observed genetically, suggesting underdiagnosis of
female ADHD patients. Additionally, ICD-11 and DSM-IV have different criteria for
diagnosing ADHD, mainly revolving around methodology when observing ADHD"s

characteristic traits: Inattention, Hyperactivity, and impulsivity (17).

Individuals are affected by ADHDs symptoms in varying degree and intensity; however, it is
reported that ADHDs symptoms are associated with difficulties in academical and social
situation (17), the result from loss of working memory and concentration. higher likelihood of
harmful outcomes such as substance abuse (18) criminality (19) and mortality (20), and
financial challenges such as unemployment (21). There are only 16% of adolescents that
report outgrowing ADHD (22). Further 80% of adults with ADHD reported having at least

one psychiatric disorder (23). Its hypothesised that as an individual gets older more of the



ADHD symptoms are internalized (24), resulting in multiple psychopathological illnesses,
most commonly, ADHD is observed comorbid with bipolar depression anxiety mood and
personality disorder(25, 26).

The ethology of ADHD is not completely understood, a twin study showed ADHD to be 70-
80% heritable (27);(28). The fact that twins are not inheriting ADHD in all cases leads to
some of the heritability not being explained. This could prove epigenetic factors being are
being involved (29);(30);(31). There is extensive research done on the pathophysiology of
ADHD. The prefrontal cortex (PFC) is central to the disorder, as it is the mediator of the
cognitive functions that is impaired in ADHD patients (32).

ADHD is affecting the PFC through its neurotransmitter system, specifically, the
catecholamines; serotonin dopamine and norepinephrine (33, 34). Most treatments used to
cope with ADHD symptoms are targeting the catecholamines directly or indirectly through
receptors inhibitors or promoters (35). These treatments have shown to be effective when
used in early stages, as it eases the symptoms of ADHD and significantly reduces the risk of

development of comorbid disorder (36)

Central nervous system

The central nervous system (CNS) is the complex system developed for processing and
interpreting external stimuli, as well as being the coordinator of many voluntary and
involuntary processes (37) These complex systems are developed from the vast neuronal
network, and it is the transmission of endogenous chemicals between the neuron that allows
for communication, resulting in our ability to think, communicate, experience emotions,
develop new skills, and store information (37). The realisation that there is abundancy of
miRNA in the CNS, as well as the growing field of neurodevelopmental disorders that has
been associated with aberrant miRNA levels, highlights the important of understanding the
interplay between miRNA, ADHD and CNS. There exists multiple neurotransmission-
systems each having specific transmitters that allow for neurons to communicate. The
different systems compose of varying amounts of neurons (38). Though catecholamines is
only regarded as a small neural system, it is an important regulatory system of the neural
network (33). The neurotransmitter monoamines, specifically catecholamines; serotonin,
norepinephrine and dopamine are of great interest. These are transmitters that have
overlapping functions such as alertness, attention, reward, motivation and anxiety, thus

overall emotional regulation (33) (34).



In ADHD, it is been shown that catecholamines are dysregulated (39) it is also reported that
the prefrontal cortex (PFC) and the visual cortex are regulated by these catecholamines,
interestingly, the symptoms of ADHD derive from deficiencies in activity of these areas (39).
It is believed that ADHD patients have a depleted level of these neurotransmitters, and that
this is caused by aberrant catecholamine transport, resulting in inattention, hyperactivity, and
impulsivity (33) (32) (34). Naturally the therapeutic treatments, most commonly
methylphenidate and amphetamines (40), target these catecholamine transporters to
compensate for the depleted levels of the neurotransmitter (41). The mechanism behind these
therapeutic drugs aim to increasing the availability of dopamine and norepinephrine, by
decreasing the reuptake of the neurotransmitter, through inhibiting the dopamine and

norepinephrine transporters (41).

microRNAS

MicroRNAs (miRNAS) are a class of short non-coding RNAs of ~ 22 nucleotide in length that
play important roles in regulating gene expression. Their role in gene regulation was first
identified in Caenorhabditis elegans in the early 1990s, when Lee and Finebaum observed the
lin-4 nucleic acid and identified its function in Caenorhabditis elegans larva development
(42). They found that lin-4 synthesised antisense RNAs consisting of 22-61 nucleotides, some
of which were complimentary to lin-14 mRNA and would inhibit further protein synthesis.
They concluded that there were small RNA mediated mechanisms that interfered with mRNA.

However, this function was at the time thought to be a Nematode idiosyncrasy.

C. elegans lin-4 miRNA
N—ccc®ccucYlcccYsacaCeucareucucaclcuaCla
| IO I R N R A | | I ] SR T | BT N G | b R VORI [ 1 A0 A0 I D N I | U
/GGCABGAC, [GGGLCUCUGGGGUCCACACUU CGU, gU

5& u A Ge uGCACe
CC GCUUGGGA ACAUACUUCUUUAUAU CCAUA U

/-GG CGGACUCU UGUAUGAAGAAAUGUA GGUAUC c

3’ Human miR-1 GaaU

Figure 1: lin-4 miRNA illustrated to show the characteristic structure of miRNA, as well as similarity’s with
humane miRNA. Examples of microRNA stem-loops, created by VTD, CC BY-SA 4.0.

Later in the early 2000s the concept behind miRNAs became refined, as the small let-7 RNA
was observed to be both, related to lin-4, and conserved in human-cells (43, 44). These
advances led to the discovery of RNA interference (RNAI) which awarded Fier and Mello the



Nobel Prize in physiology or medicine in 2006, and thus the important role of miRNAs was

made clear (45).

miRNAs were found to origin from DNA transcripts, and most miRNAs were found to be
transcribed from introns, but it is reported to derive in exons as well (46). They target
approximately 60% of mRNA, largely because of the conservation of miRNA response
elements (MREs) residing in the 3 -untranslated region (UTR) of mRNA (47). They show
similar regulatory effect as hormones, since extracellular miRNAs regulate cells autocrine,
paracrine and endocrine (48). The total number of miRNA present in a human cell is not yet
clear, some strict studies suggesting the miRNA number found in a human cell to be around
600 miRNAs (49). However, newer studies estimated around 2300 miRNAs in a human cell
(50), The exact number of miRNAS is hard to estimate because of the wide variety of
miRNAs that derive from precursor miRNA (pre-miRNA) (51). In the miRBase database
(http://www.mirbase.org), there are currently around 2 500 annotated mature miRNAs from

humans.

miRNA biogenesis and their mechanism of action

miRNAs biogenesis and mechanism utilize two main types of pathways, either canonical or
non-canonical. These pathways both produce pre-miRNA, however the difference is that
canonical predecessor is genome derived, and in the non-canonical pathways there are
multiple predecessor molecules, which derives from different sources. The pathways utilize
similar enzymes for maturation but in different combinations based on the predecessor
molecule. The non-canonical pathways could be further separated by what combinations of

maturation enzyme needed. After maturation, pre-miRNA is exported out of nucleus (52).

Canonical pathway: In this pathway the predecessor molecule is called primary miRNA (pri-
miRNA) and is genome derived. Pri-miRNA is translated from DNA by RNA Polymerase 11
(pol 11), further the dSRNA-binding-protein DiGeorge Syndrome Critical Region 8 (DGCRS)
recognise and binds the motifs of pri-miRNA (53). The bound pri-miRNA is cleaved at its
5'and 3’end by Drosha a RNase 11l enzyme, resulting in pre-miRNA. Pre-miRNA is further
exported out of nucleus by exportin 5 (XPO5) (54).

Non-canonical pathway: In this pathway the predecessor molecules come from many sources,
and there are multiple different pathways, mainly separated by what combination of canonical
pathway enzymes they utilize. Some examples are mirtron, that is derived from introns of

mMRNAs during splicing, which is directly exported out of nucleus by XPOS5. Also, short-



hairpin RNA (shRNA) is a predecessor for pre-miRNA that utilizes a different non-canonical
pathway. similarly, to pri-miRNA it is matured to pre-miRNA by the enzymes DGCRS8 and
Drosha and exported to cytosol by XPO5.

Additional processing of pre-miRNA in cytosol is necessary (52). pre-miRNA derived from
mirtron and pri-miRNA is processed by the RNase 111 endonuclease Dicer, Dicer cleaves the
terminal loop, resulting in a mature miRNA with imperfect duplex, consisting of a guide
strand and a passenger strand ((55), (54),(56)). The pre-miRNA derived from shRNA is
processed differently, as additional cleavage by Argonaute2 (AGO2) in the cytosol is
necessary. Finally, the miRNA's guide strand, which is either the 5p or 3p strand, is
incorporated in Argonaut (AGO) to form a miRNA-inducing silencing complex (miRISC)
(57).

Nucleus

Non-Canonical Canonical

Figure 2: shows the miRNA biogenesis pathways of both Canonical and non-canonical Created with
BioRender.com. the miRNA biogenesis is divided into two pathways; canonical and non-canonical.
Pre-miRNA is matured to miRNA by removal of the loop, further the guide strand, either 5p or 3p, is
incorporated to miRISC complex. miRISC complex preformed gene silencing in animals by inhibiting
translation, as well as deadenylating of the poly(A) tail. Resulting in degraded of mMRNA. Created with
BioRender.com



Although MRE is thought to reside within the 3° UTR, there are findings that miRNA also
have targets in the 5’UTR, as well as interactions with promotors. The binding of miRNA in
5'UTR has shown to have silencing effects, but interestingly miRNA binding with promotors
have shown to induce transcription (58). The degree of complementary in the miRNA-MRE
interaction, dictates the activity of AGO2’s endonuclease cleavage therefore, either inhibition
or degradation of mMRNA is performed ((59, 60)). In animal cells most of the MRE-miRNA
interaction induces miRISC inhibition and not degradation, because of the improper structure
of the miRNAs (Figure 2) binding of miRNA-MRE is not ideal for AGO2 endonuclease
binding (61). miRISC mediated inhibition revolves around multiple enzymes, resulting in two
mechanisms. Firstly, the miRNA-MER interaction has shown to inhibit translation of mMRNA,
secondly, deadenylates of poly(A) tail, causing the mRNA to destabilize, eventually resulting
in degradation (61) (Figure 2).

Circulating miRNAs roles

There are extensive reports of miRNAs release, and presence in biofluids. Contrary to mRNA,
extracellular circulating miRNAs are highly stable and resistant to degradation (62). There are
different types of extracellular miRNAs, protein-coupled miRNA (63) and membrane bound
miRNA derived vesicles such as exosomes micro vesicles and apoptotic bodies ((64), (48)).
These two sources of miRNA are not yet fully understood, as there is discrepancy in which's
the relevant source of miRNA, and whether these sources are of equal importance as
biomarkers (61). miRNAs role in multiple aspects of cell function as well as its, stable
presence in biofluids made it ideal as a source of biomarkers. There are now well-known
biomarkers derived from multiple fields such as cancer and tumour prognosis, lifestyle
diseases like cardiovascular disease and diabetes, viral infections and neurodegenerative
diseases such as fragile X syndrome, schizophrenia, autism spectrum disorder (ASD) and
Alzheimer disease(1);(2);(3);(4);(5);(6).(9).



AIM of study

The overall aim of this master thesis is to investigate whether the expression levels of some
selected miRNAs in plasma samples from ADHD cases differ significantly from age and
gender matched controls. The miRNAs selected are potential targets for ADHD candidate

genes. Our aims were:

- Evaluate the feasibility of plasma samples isolated from cord, mothers and fathers
stored at MoBa biobank can be used to identify miRNAs marker distinguishing
ADHD cases from matched controls.

- ldentify difference in expression of ADHD-targeting miRNAs between ADHD-cases

and matched control in plasma samples.



Method

MoBa

The study is a part of the Potential Early Molecular Markers for ADHD (POEMA), the main
goal is to contribute to early detection and prevention of ADHD. Linked with the MoBa-
project with extensive information of subject lifestyle and environment exposure from child,
mother and father, and the Norwegian Patient Registry (NPR) with clinical validated records
of subjects diagnosed with ADHD. The analysis of epigenetic modification (circulating-
miRNA and DNA-Methylation), environment exposure and lifestyle, across mother, father,
child is done to investigate to find potential these markers. This was a nested case-control
project/study using the resources from MoBa, a sample size of 1248 participants, consisting of
624 clinically validated ADHD cases according to the NPR diagnostics using ICD-10, and
was compared with 624 randomly selected non-ADHD MoBa participants, that matched cases

in age and gender.

Ethics

The biological samples used in this project was gathered and stored in the MoBa biobank. The
participants from the MoBa-Project gave broad consent for using the samples and, de-
identified health information for research. According to the committee, this consent, covers
the goal of the study, and the project’s focus does not include Whole genome or exosome
sequencing. The Regional Ethics Committee and the Data Inspectorate approved the MoBa
study, and participants gave their informed consent. The regional ethics committee (REK) and
the NPR have approved the POEMA project. This thesis is a sub-part of the POEMA project.

Blood plasma extraction

Maternal and paternal blood samples used in this project were collected at gestational week
17-19, and umbilical cord vein blood were collected at delivery. Blood plasma was extracted
from blood samples collected in EDTA-tubes. The EDTA-tubes containing whole blood were
centrifuged at 1508 g for 10 minutes for 5 min at room temperature and plasma carefully
removed into a separate tube away from any residual debris. A 6 x 300ul aliquot of the
extracted plasma sample from each subject were pipetted into a microtiter plates with barcode

and stored at -80°C. Maternal and paternal plasma were extracted at maternity units or at the

hospital before shipping to NIPH. While Umbilical cord blood were sent to the MoBa

Biobank for processing.



Quiality control of Plasma Samples

The maternity units or hospitals where blood sample collection took place are located all over
Norway, and from a few hours up to several days may be required before the blood samples
arrive for processing at the NIPH biobank. The preanalytical sample handling parameters such
as distance between blood collection location and the biobank, and the associated differences
in duration and temperature fluctuations during transportation, may affect the quality of the
obtained blood plasma and subsequently the miRNA expression data. Further, plasma samples
may contain residual proteins or other contaminants that may inhibit or affect downstream

analysis. Therefore, an assessment of the quality of the plasma samples should be determined.

When studying circulating-miRNAs in plasma sample, a well-known contamination source is
endogenous components. The biggest source of contamination is from haemolysis of
erythrocytes, haemolysis would compromise the quality of the exogenous circulating-miRNA
(65). The degree of haemolysis can be estimated in several ways. In this study three different
method was used; 1) A visual estimation of plasma discoloration caused by the release of
oxyhaemoglobin enriched in erythrocytes. 11) A Spectrophotometric analysis (Nanodrop) of
the optical density from the plasma sample, capable of detecting oxyhaemoglobin and
quantifying it. 111) A miRNA expression analysis where miRNA known to be enriched in

erythrocytes would be compared with miRNA known to be stably present in plasma.

The presence of platelets and micro particles (MP"s) has been shown to be abundant when
investigating archived plasma and is confounding the measurement of extracellular miRNA
(66). During blood plasma extraction, additional centrifugation was done to remove platelets
in plasma. Though additional steps to remove platelets was done, there is evidence showing
increase in residual platelets and MPs in plasma that has undergone freeze/thaw cycles.
Therefore, quantifying platelets is necessary for a complete assessment of plasma quality. In
this study the residuals were measured using electric current exclusion (CASY), detecting
particles and estimating its size.
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Detection of plasma microparticles using Casy instrument
To detect residual Blood platelets and MP's the highly accurate multi-parameter CASY cell

analyser (Roche, Norway) was used, utilising an electric current exclusion technology also
known as Coulter principle. Diluting samples in a conductive isotonic buffer, would create a
constant current of 1MHz voltage. particles crossing this current makes it fluctuate, the degree
to which the current is disrupted corresponds to the particles size (Range=0,7-45udm). Thus,
using the CASY cell analyser the presence of residuals platelet would be detected at the
diameter range 2-5pudm and microparticles at <1,5pudm (67) (Figure 3). The expected counts
range of residual platelet in non-treated whole blood is 1,5-4,5x10° uL/L

~ Microparticle Platelets

Counts (/pL)
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Figure 3: three measurement of plasma samples with different degree of hemolysis. Showing Intervals
of expected micro diameter for MP"s (clear) and platelets (blue).

Measuring potential contaminations in the plasma samples less than 5um in diameter was
done using the CASY cell counter and Analyzer Model TT (Roche/OMNI Life Science,
United Kingdoms). First 3pL aliquoted plasma samples thawed for 1 hour at 8°C was diluted
1:2000 with 6mL pre-2um vacuum filtered CASYton (OMNI Life Science, Cat: 5651808) in
a CASYcup (OMNI Life Science, Cat: 5651794). Then a 45uL pore size capillary was
washed for two cycles with 400uL of three different 10mL CASYcups contenting 10mL of
CASYclean (OMNI Life Science, Cat: 5651787), 10mL RNase-free water and 10mL filterd
CASY'ton. Casy cell counter then measured 200 L of the sample twice and the mean was

reported.
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Plasma haemolysis assessment

Visual assessment

Visual assessment of haemolysis is possible but not quantifiable, therefore, each plasma
sample was individually graded; O; 1; 2 and 3 shown in Figure 4. 0 being clear indicating less
haemolysed and each subsequently category describing an increasing in discoloration and
haemolyses. This visual score is a guide that will be used along with the other haemolysis

assessments to establish correlation between a visual estimation and quantitative data.

S
HEMOLYSE

Figure 4: The reference template used to determine grading level of collected plasma samples.

Nanodrop/detection of oxyhaemoglobin using spectrometry

Nanodrop is a commonly used instrument that gives robust results with low preparation time
and sample consumption. Oxyhemoglobin is detectable with nanodrop as peaks at 414nm
(oxyhemoglobin) and 541nm, 576nm (deoxyhemoglobin) wavelengths (Figure 5). The
absorbance rate where 414nm>0,2 would be defined as hemolyzed (Figure 5) (65). It is been
shown that translucency increases the detected absorbance rate of a sample. The main source
of translucency comes from lipemia, Thus, a lipemia-independent Hemolysis Score (LIH-
Score) should be calculated. Since the absorbance at 385nm correlates with lipemia

interference, a function could be made (function 1)
HS = AA4—14——A385 + 0,16 * A385 (1)

Hemolysis score, as a sum of the difference between absorbance of 414nm and
385nm(A4414-4385), and the product of absorbance at 385nm and the angular correlation
coefficient (-0,16) as a correction factor(68). A threshold for identifying hemolysis was
calculated, from to be the sum of mean LIHS-score, and 3 standard deviation of the mean
(Figure 5).

Using the Nanodrop™ 1000 UV-VIS spectrometry (Fisher Scientific, Norway) an Ultraviolet-
visible spectrometry across the 220-700nm wavelength was done on 2uL aliquoted plasma

12



samples; thawed for 30 min at 8°C. RNase-free water was used to both clean the sample
pedestal (5uL) and as a blank (2uL). Between each sample measurement the pedestal was

cleaned and dried using RNase-free water and lint-free tissue.

Hemolysis score reference

Oxyhemoglobin
Deoxyhemoglobin

Absorbance

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Wavelength (nm)

Figure 5: The graph illustrates four different degrees of hemolysis of plasma samples, green=1,
Red=2, blue=3 and purple=3. The threshold used for determining hemolysis was set to 0,2
absorbance at wavelength of oxyhemoglobin (414nm). The graph also shows what wavelength was
used to calculate hemolysis score, and detection of Deoxyheamoglobin (541 and 576nm).

QPCR Detection of erythrocyte enriched miRNA

The haemolysis assessment method previously explained, mainly focus on detecting and
quantifying the degree of haemolysis. Ether indirectly (Visual assessment) or directly
(Nanodrop). This method is an indirectly method of detecting haemolysis, it’s based on

comparing quantification cycles (C,), using quantitative polymerase reactions.

T