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Abstract

Sepsis is a preventable yet life threatening condition, resulting from body response to infection.
Time is crucial in sepsis diagnosis since deterioration in patients’ health can occur rapidly. Blood
culturing is the gold standard for diagnosis, along with clinical assessment. The discovery of
miRNA in biofluids as a biomarker, founded the way for extensive research on its capabilities.
MiRNA showed promises in diagnosing, assessing outcome and reporting sepsis progression.
Since being delicate to handle while present in biofluid, the need was uttermost to find an
effective way for miRNA isolation and detection, to facilitate developing multi-marker panel that
help diagnosing sepsis, more efficiently than blood culturing. The current study aimed at using
manual and robotic (QIAcube) methods, with MiRNeasy Serum/Plasma Advanced (Qiagen) as kit
and protocol, to extract miRNA from human plasma samples. Plasma was either spiked with
synthetic miR-223 to act as a positive control, or non-spiked. Once extraction was done, quality-
quantity assessment was conducted using Qubit and Nanodrop. Two-tailed RT-qPCR (TATAA
Biocenter) was used for miRNA quantification. QIAcube showed better results in quantity,
hands-on and turn-around time compared to manual extraction, while better purity was scored
for the manual method. While amplification appeared in all spiked samples, absolute
quantification detected miRNA in some of the non-spiked samples. The study verified using the
extraction kit with 100 pl of plasma is effective for miRNA extraction. Although faced with
difficulties, absolute quantification using two-tailed RT-qPCR demonstrates its success in
detecting lowly expressed miRNA. Future studies are needed for more optimized verification.



Popular scientific summary

Survival as a human instinct has driven mankind since early days to seek improvement in all of
life’s aspects. Diseases as a threat to survival received good attention, since the route through
history was full of outbreaks and illnesses that ravaged humans, and even diverted the course of
history. From the prehistoric period until the modern era, pandemics had emerged through
surface from time to another, causing large number of fatalities, but development of medicine
and health care has rendered most of it reduced or even vanishing. Sepsis received considerable
care since early days of humanity, as an illness that can affect any gender or victimize any age
group. Early descriptions of sepsis were referring to blood poisoning or septicaemia, in
combination with fever and other manifestations that will end up destroying body organs,
leading to release of toxic materials that can lead to death. Improvement in science has led to
more understanding of sepsis’ nature. The combination between manifestations represented by
outward features detected clinically and features detected at the level of cells that can lead to
organ failure, both have shaped sepsis more distinctly in the modern time. The understanding of
microorganisms’ existence on the other hand, including bacteria, and their role in causing
diseases was a significant point, since the linkage between bacteria as microorganism and sepsis
was not established until early period of the 19th century by Louise Pasteur. Since that time,
deep studies done by scientists explained a lot about the nature of sepsis. The work done by
Roger Bone and others founded deeper understanding of sepsis, as a group of features that can
lead the immune system to either over react or get suppressed. The period of suppression allow
the body to be susceptible to infections.

While some concepts about sepsis remained the same, the definition has improved with time to
include more clinical along with biochemical criteria. The complexity of sepsis does not only
come from its manifestation, but rather with choosing the best option of therapy to be taken.
Treatment with antibiotics is decisive and should start as early as possible, however
establishment of inappropriate antibiotic treatment can cause complications like resistance, and
this will end up increasing both morbidity and mortality. From here on comes the role for early
diagnosis. Because of the intricacy of the illness, diagnosing sepsis is a challenging task,
especially in patients with low immunity or being critically ill, as a result of overlapping of
symptoms and signs. Microbial culturing evolved to be the gold standard way of diagnosing
sepsis, but limitation of its use, particularly from long awaiting time and false negative results,
has made an eminent need to develop new methods for recognition. To progress in reduction of
sepsis mortality, early recognition should be improved. Fortunately, development in medicine
has led to the use of indicators for sepsis, which are called Biological markers (Biomarkers). By
their measurement, these biomarkers are capable of help identifying patients accurately and
rapidly to establish appropriate treatment. Although been effective, some of these biomarkers
were non-specific for sepsis, even when used combined, and examples of this are Procalcitonin
and C-reactive protein. The discovery of a biomarker called Micro Ribonucleic Acid (miRNA) in
body fluids, including plasma, gained enlarged focus, among many other aspects, in disease
context, thanks to it being noninvasive and scoring high accuracy. In order to verify potentials of
miRNA in sepsis diagnosis, detection and quantification has to be done accurately and
effectively. By the use of two-tailed Reverse Transcription - quantitative Polymerase Chain
Reaction (RT-qPCR) in this study as a quantifying tool, this would set the first footstep towards
testing its effectiveness in its future use in research, as well as developing a multi-marker panel
that helps diagnosing sepsis accurately and in short window of time.
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Abbreviations

CRP C-reactive protein

BC Blood culturing

CDC Center of Disease Control

DGCR-8 DiGeorge syndrome critical region 8
DIC Disseminated Intravascular Coagulation
EDTA Ethylenediaminetetraacetic acid

g Gravitational force

GC Guanine-Cytosine

ICU Intensive Care Unit

miRNA Micro Ribonucleic acid

NGS Next generation sequencing

NIH National Institute of Health
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SIRS Systemic Inflammatory Response Syndrome
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Introduction

Sepsis is an ancient illness, which is deeply attached to mankind, as it goes back in history for
more than 20 centuries, and still much to be ascertained and discovered. It started as a common
disease with wide range of manifestations that, with time, have polished and refined its shape
and boundaries to involve many participants including as tiny as cellular components and
genetic materials, and as big as organs and what they form united as the whole body.
Hippocrates was the first to use the word ‘sepsis’, which is derived from the Greek word ‘rot’
that describes any matter with organic nature or decaying one. He bound and related sepsis to
the human colon, and realized that this condition can lead to release of harmful toxins that can
be fatal. Around 3000 years Before the Common Era (BCE) in ancient Egypt, similar explanation
to the current clinical sepsis was found in form of descriptions, implying systemic complications
that can occur as a result of localized injury. However, Roman physicians theorized the existence
of imperceptible creatures in swamps, responsible for causing human diseases (Ward & Levy,
2017). As so called ‘the Prince of Physicians’, the Islamist philosopher and physician Ibn Sina,
who died in year 1037, paved the road among others towards clearer image about sepsis
(Ghannaee Arani et al., 2012). He described it as the process of ‘putrefaction of blood and tissues
with fever’ (Hotchkiss et al., 2016). Later, the innovations of microscope by the Dutch scientist
Leeuwenhoek in the seventeenth century led to the earliest descriptions of directly observed
bacteria (Ward & Levy, 2017). Since then, and in the last 200 years, the understanding of
bacteria as a major causative agent of diseases in general has made sepsis a more
understandable topic, in which antibiotics introduction later as a way of treatment, considered a
remarkable breakthrough. Indeed, the usage of antibiotics against what causes sepsis has proven
its effectiveness in treating patients, but even when infections were appropriately dealt with;
septic patients were frequently subjective to organ dysfunction or even death. By this and with
time, the accusation of holding bacteria and other causative agents as the only accountable and
responsible for the whole picture of complications has lost its validity. Thanks to the work done
by Roger Bone and many other researchers who came after, it is well understood now that
sepsis is a combination of enormous pro and anti-inflammatory responses that while limiting
self-injury, it give the chance for further damage, manifesting at cellular and molecular levels
aside (Ward & Levy, 2017).

Sepsis is a preventable yet life threatening human health condition, happens as result of the
body’s response to an infection (Celeveland Clinic, 2019). This infection could be as a result of
bacterial; which is the most common, viral or fungal causative agent (Morgan et al., 2016). It can
affect any sex and occur at any age group (WHO, 2020). Some population groups have shown
vulnerability for encountering sepsis, and they are old in age, black race, male gender or having
chronic medical condition (Mayr et al., 2013). In 2017, it was estimated by the World Health
Organization (WHO) that 11 million people were reported dead because of sepsis (out of 49
million affected), in which most of them were children (WHO, 2020). In the United States, sepsis
is considered the 10t leading cause of death (Ward & Levy, 2017). Around 750,000 Americans
are estimated annually to be diagnosed with sepsis, while death rate can reach up to 200,000
(Chun et al., 2015). A Swedish study based on “Sepsis-3 criteria”, showed that the incidence is
838 per 100,000 people. It showed also that the incidence is highest among extremity of age,
with men being dominantly affected compared to women (Ljungstrom et al, 2019). The
European committee “Surviving Sepsis Campaign”, which was initiated in 2002, has made since
then multiple publications and produced guidelines for sepsis combat. They reported a death
rate of 41% in Europe and 28.3% in the United States of America as a result of sepsis alone (Gil



et al,, 2017). Multiple factors have contributed to the increasing numbers of the sepsis victims
worldwide. The American Center of Disease Control and prevention (CDC)mentioned that
chronic illness, ageing population, organ transplantation, invasive procedures, antibiotic
resistance and immune-chemotherapies are the main causes of increased sepsis incidence
(Ward & Levy, 2017). In addition to that, increased human population generally and the elderly
group specifically, development and usage of immunosuppressed medications against certain
malignancies, widely used interventional and minimally invasive procedures as treatment
methods for many diseases and lastly the longer period of staying for patients in Intensive Care
Units (ICU), all are contributing factors to high sepsis levels globally (Giil et al.,, 2017). The
dysfunctionality resulting from sepsis is as a result of the organ affected. A study showed that
kidney, liver, cardiopulmonary, haematology and central nervous systems are the most affected
(Caraballoa & Jaimesb, 2019), while Ljungstrom and his colleagues, found in a Swedish study
that respiratory system is the most affected (Ljungstréom et al., 2019).

Clinical diagnosis of sepsis by clinicians is a major challenge, as symptoms and signs are usually
vague and obscure, and can be easily mistaken for other diseases (Singer et al., 2016). The year
of 1989 saw the born of the new term “Sepsis syndrome” by Roger Bone and his colleagues. They
defined it as “a systemic response to a suspected or documented infection and at least one organ
dysfunction” (Ward & Levy, 2017). The current use of the word “sepsis” was initially formulated
in 1991, by the International Sepsis Definition Conference. The agreed definition of sepsis by the
conference was a systemic inflammatory response syndrome (SIRS) as a response to an infection
or injury. In 2001, the International Consensus Conference made some revision for sepsis
definition. The use of SIRS as defining criteria was rejected and “signs and symptoms of sepsis”
were used instead. This was because SIRS was found to be a general term in which the innate
immune response will result in systemic activation regardless of the cause. The definition was
also improved to include further clinical manifestations indicative of sepsis (Ward & Levy,
2017). Sepsis’ latest definition, which was updated in 2016 by the Third International Consensus
Definitions for sepsis and septic shock (Sepsis-3) task force, define sepsis as “life threatening
organ dysfunction caused by a dysregulated host response to infection” has focused on how to
recognize, clinically and laboratory wise, the “organ dysfunction” as early as possible in order to
start the appropriate treatment. Organ dysfunction can be identified by increasing in Sequential
Organ Failure Assessment (SOFA) score for two points or more. For the final score to be
calculated, organ physiological abnormalities along with laboratory ones should show changes.
These are namely bilirubin, platelets, partial pressure of oxygen and Creatinine levels (Singer et
al., 2016). Sepsis from pathogenesis prospective is an intricate subject, as a result of multiple
organ involvement. To simplify this, the pathogenesis that lead to multi-organ failure is mainly
cornered around four major defects. First and at the level of cell, endothelial activation will take
place, leading to leucocytes molecule increased expression and capillary leakage, as well as
transmigration into tissues. Permeability in the other aspect will increase, leading to bacterial
translocation in the gut, and pulmonary edema in lungs. The second defect is coagulopathy,
happening as a result of losing protein-C natural anticoagulatory effect, due to endothelial
damage. Coagulopathy is also enhanced by bacterial and cytokines secretions, this can lead
eventually to blockage at the level of small vessels or even the disastrous phenomenon,
disseminated intravascular coagulation (DIC), in which coagulatory factors are consumed and
the patient will be bleeding profusely. The third defect is cellular dysfunction. Cells will usually
show alteration in regular functions in form of increase in catabolism, insulin resistance and
increase in glucose level as a result. Cardiovascular dysfunction as the fourth defect happens in



form of left ventricular dilatation, reduced ejection fraction and left ventricular stroke work that
led to hypotension. Nitric oxide will cause dilatation in vessels, and eventually worsening the
hypotension (Evans, 2018) (Figure 1).
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Figure 1. Sequelae of pathogenesis in sepsis. DIC indicates Disseminated Intravascular Coagulation.
Adapted from ‘Diagnosis and management of sepsis’, by T. Evans, 2018, Clinical Medicine Journal.

Left ventricular dilation

Another point reflecting difficulties in identifying sepsis is that symptoms and signs along with
biomarkers do not appear simultaneously on affected person, in which changes that indicate
severity of the disease might not show up early during the course. This has formulated the
importance of combining the verifying parameters together in order to reach a diagnosis in
shorter time. Any reflectors of a condition or a disease, isolated by laboratory analysis from
blood, could be considered a biomarker (Ljungstréom, 2017). Wider scope of definition for
biomarker was adopted by the American research agency, the National Institute of Health (NIH),
in which it was defined as “a characteristic that is objectively measured and evaluated as an
indicator of normal biological processes, pathogenic processes or pharmacologic responses to a
therapeutic intervention” (Definitions, 2001). Blood analysis provides biomarkers that are
crucial for the diagnosis. Blood culturing (BC) is considered the current gold standard method of
diagnosis, by getting information about the causative agent and the appropriate selection of the
antibiotics (Ljungstrom, 2017). However, some reasons have rendered BC not the perfect option
to diagnose sepsis. Taking bacteria as the most causative agent, it was found that only 38-69%
affected patients with sepsis show bacterial infection in their bloodstream, which leaves the
door wide open to many culture results coming negative, let alone the time BC can take,
stretching between hours to days, to return the results (Sweeney et al., 2019). Other factors like
previously given antibiotics treatment, timing and volume of blood drawn will affect the



sensitivity and specificity of any test conducted. By this, getting a negative result is not
uncommon and basically not decisive in form of giving the patient antibiotics or not. Results
obtained can also be falsely positive in form of contamination by skin commensals (i.e. bacteria
living in the skin). These factors and others had pushed scientists to find more accurate
biomarker as a tool of diagnosis (Sweeney et al., 2019). For a biomarker to be ideal for usage, it
must have high specificity and sensitivity. To be marked specific enough, detection has to
happen to the specified alterations physiologically or pathologically driven, while to be marked
sensitive enough, denoting has to happen to any alterations before symptoms occurrence, and
for these alterations to vary afterward according to the physiological or pathological outcomes
(Condrat et al., 2020). In addition to the aforementioned properties, a biomarker must be cost
effective, easily measured, reproducible and demarking clearly between sepsis and other
illnesses (Ward & Levy, 2017).

C-reactive protein (CRP) as a biomarker is a useful tool for diagnosing sepsis. It is an acute phase
protein, which means that it shows an increase or decrease in level in response to inflammation.
CRP showed a maximum sensitivity and specificity of 92 and 67% respectively for bacterial
infections. Although it proved its usefulness on marking sepsis prognosis and treatment
progression, its reduced sensitivity and specificity rendered it a nonspecific for diagnosing
sepsis. Procalcitonin (PCT) on the other hand is an effective biomarker for bacterial or fungal
infections. It is a precursor of Calcitonin, a regulatory hormone produced in the thyroid gland
and regulate calcium metabolism. Although been effective indicator of sepsis severity, PCT levels
are unaffected when patient is immunocompermised, taking steroids or having neutropenia
(low white blood cells). It does also show normal or low levels when the patient is having viral
infections. When PCT was studied in comparison to CRP on which would yield the best results
when non-septic patient were compared to septic ones, PCT showed better results in term of
global diagnostic accuracy. Although in another study, when the two were compared in burned
patients, no difference was noticed (Ward & Levy, 2017).

By their discovery in nematodes specie called Caenorhabditis elegans in 1993, the groups of
Victor Ambros and Gary Ruvkun had put the foundation for upcoming extensive researches
about micro Ribonucleic acids (miRNAs), in which the role of miRNA has magnified and widened
in bioscience since then (Zabaleta, 2012). Although studies point out that only 1% represent
miRNA genes in the human genome, they have as high as 60% regulation grip on protein coding
genes (Benz et al, 2016). MicroRNAs are non-coding RNAs that regulate degradation or
repression of messenger RNA translation (mRNA) into proteins. In humans, miRNA do exist
intracellularly or circulating in the bloodstream. These tiny molecules, with their nucleotides
length that could be as little as 17 and up to 25 nucleotides (Wang et al., 2015), have to be dealt
with by multiple complex processes, mediated mainly by the participation of two Riboneuclease
Il enzymes, namely Drosha and Dicer (Zabaleta, 2012). This process starts in the nucleus by
miRNAs being transcribed by RNA polymerase II (or in rare occasion by RNA polymerase IlI),
resulting in primary miRNA (pri-miRNA) (Wang et al,, 2015). Then, a protein complex called
microprocessor, which is composed of Drosha and DiGeorge syndrome critical region 8
(DGCR8), will cleave the primary form into the intermediate one (pre-miRNA) that will be
transported to the cytoplasm by the exportin-5 protein. The Intermediate form, with almost 70
nucleotides in length, will be cleaved at its terminal loop by the Endoribonuclease Dicer, forming
the final product, which is a double stranded RNA. Eventually, one strand will pair with its target
mRNA, while the other, called the “star strand”, is usually degraded (Correia et al., 2017). In
some cases, where the two strands will remain without degradation, the mature form of miRNA
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will have dominancy (Condrat et al., 2020). MicroRNAs can be found in different body fluids like
saliva, semen, blood, breast milk or even urine, indicating their vast role in biology (Condrat et
al, 2020). By their existence in blood, either in free or bound form, miRNAs are considered
crucial biomarkers, along with their properties like stability, sensitivity and being highly
selective. As miRNA regulate the appearance of many diseases, it also has a role in healthy
individuals. It was estimated that as high as 33% of protein coding genes are regulated by
miRNA. This regulation is manifested in different cellular functions like growth, differentiation,
metabolism, stem cell division, brain morphogenesis or neural gene expression. MicroRNAs are
being linked to regulations of many diseases and malignancies like obesity, atherosclerosis,
diabetes mellitus, gastric cancer, myocardial infarction and with regulation of sepsis being no
exception (Demirtas et al., 2018). Studies showed clear linkage between the abnormal high
expression of certain miRNAs by their existence in the peripheral circulation and occurrence of
sepsis (Dumache et al., 2015). However, as sepsis is a rapidly killing syndrome, in which it can
lead in few hours to irreversible septic shock and eventually death, there was a mounting need
to develop a rapid method for detection of miRNA in patient’s blood. Many assays have been
developed in the past years that can help detecting miRNA. These are bioluminescence,
fluorescence, colorimetric, electrochemical, surface enhanced Raman scattering and miRNA
sequencing based assays (Zhang et al., 2018). However, each one of them has got its limitations
and drawbacks , but recently , detection approaches were mainly led by four ways , next
generation sequencing (NGS), microarray, northern blotting and RT-qPCR (Zhang et al., 2018).
Apart from RT-qPCR, these methods, although widely used, but their capabilities of detecting
less abundant miRNA is not quite sensitive (Varkonyi-Gasic et al., 2007). RT-qPCR is now the
leading method in this field (Redshaw et al., 2018). Taking into consideration its high precision
and accuracy, along with the ability to validate a result even with small quantity of the studied
target (Androvic et al., 2019). The conventional Reverse Transcription uses RNA as a template to
be amplified, while qPCR characterize and quantify the studied material. When these methods
are combined together, this would result in RT-qPCR (Niedler, 2017). RT-qPCR can be conducted
in either one or two steps assay. This will depend on doing the reverse transcription and the
quantification steps, as a single one or together (Biolabs, 2021).

A specific form of RT-qPCR recently introduced is called the two-tailed RT-qPCR (TATAA
Biocenter), and it is being standardized to accommodate usage of miRNAs, as the challenging,
small in size, miRNA, has made it extremely troublesome for ordinary PCR methods to have
these molecules quantified and processed to obtain results. It uses two tailed RT primers (and so
the name) to bind specifically to the desired miRNA. The process includes transformation of
mature form of miRNA into complementary Deoxyribonucleic Acid (cDNA), which will be
eventually amplified by the designed primers. To do this, one of two different RT reaction
methods could take place. In the first one, a specific stem loop RT primer will attach to the 3
prime end of the miRNA, and extend it, to produce a hybrid from miRNA and the primer, forming
cDNA. Then amplification of cDNA will take place using forward and reverse primers, specific to
the miRNA, and to the stem loop primer respectively. The second method involves extending the
three prime end of miRNA by a polymerase enzyme. The resulted RNA will be reverse
transcribed into cDNA, using specific primers, and by this all miRNAs will be transcribed
(Krepelkova et al., 2019). The two-tailed RT-qPCR, which is developed by TATAA Biocenter, is
used in this project to detect the outcome of two protocols, a manual and robotic one with their
kits, used to compare which one of them will yield the best extraction results for the studied
miRNA and help quantifying the unknown copy number of studied samples.
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Aim

As a consequence of sepsis, patients develop hypotension (decrease in the level of the blood
pressure below the normal limit) which requires providing them with large amount of fluids to
combat the reduced blood pressure demands. This is done to ensure adequate tissue perfusion
(i.e. adequate level of delivering fluids and needed substances to cells) in order to maintain cells
viability (Petros & John, 2016). Failing to do so would lead to development of cellular
dysfunction, which can lead to cellular death and eventually organ failure (Ward & Levy, 2017).
Sampling collection on the other hand is a difficult task in septic patients, as peripheral vessels
are usually collapsed. Beside this, with extensive fluid resuscitation, the blood will be diluted,
making it harder to obtain a sufficient sample for detection of important biomarkers. This has
led to the need of having the ability to collect a small amount of blood, that is enough to establish
a diagnosis in short time with little body fluid amount provided. Sepsis is also an economic
burden to countries globally. A study showed that the time and eventually the cost of stay for a
septic patient in ICU for 23.3 days is 26,000 euros for septic patients, compared to a length of
stay up to 15.6 days and accost reaching up to 12,000 euros (Burchardi & Schneider, 2004). The
“Future diagnostics of sepsis” project, that is being carried out at the University of Skdvde,
Sweden, has focused since its establishment to develop a multi-marker kit that can help
diagnosing sepsis more efficiently and rapidly than blood culturing (Pernestig & Tilevik, 2020).
As part of this massive project, emerged this study as a sub-project.

By this, the aim of this ongoing study is to develop early diagnostics of sepsis. This is to be
achieved by measuring biomarkers and vital parameters and put them into a multi-marker
panel, data analyzing of these findings and eventually produce what can help clinicians
diagnosing sepsis (Pernestig & Tilevik, 2020). To reach that aim, multiple objectives have to be
met. The first objective is to isolate and extract circulating miRNAs (c-miRNAs) from provided
plasma samples. Two methods of extraction will be tested, assessing which one will yield the
best results, which are manual and robotic (QIAcube) methods, both using miRNeasy
Serum/Plasma Advanced Kit and protocol (Qiagen). This is followed by measuring the quantity
and quality of each miRNA containing sample. The second objective is to optimize first and then
quantify c-miRNAs found in objective one, using two-tailed RT-qPCR advanced technology
(TATAA Biocenter). While using spiked samples as positive control, non-spiked samples copy
number will be identified for c-miRNA available by absolute quantification. By its use, the RT-
gPCR will provide an insight on the ability to verify which particular input from miRNA could be
detected, what precision steps in testing samples could be addressed in order to obtain best
results, and eventually to know what indicator of assay succession as identifying parameters
should be expected. Once all of these data are obtained, statistical analysis will be conducted in
order to reach a conclusion that can help developing a multi-marker panel to diagnose sepsis.
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Materials and Methods

Ethical consideration

Human plasma as biological material was used in this experiment. Plasma samples were
collected from self-assessed healthy donours, who were consented before samples were
obtained. Ethical considerations were taking into account before experiment conduction.

Study outlines

Biological samples

The use of plasma over other biofluids was based on the fact that this experiment, among other
studies took and taking place represents an extension of cooperation with Skaraborg hospital
research team in Vastra Gotaland Region, Sweden, and their current study on sepsis.

As been drawn from venous source as whole blood, samples were collected initially in year 2014
using 6 ml K2E K2EDTA Vacuette tube (Greiner bio-one) and then centrifuged in room
temperature for 10 minutes, with speed of 2000 relative centrifugal force (or g) in order to
isolate plasma from other blood components. Each prepared plasma fluid was later transferred
and divided into smaller tubes, with 300 ul volume in each, and frozen in -80°C freezer, in
Skovde University laboratory. Every time plasma needed for extraction, tubes containing plasma
were moved first to -20°C freezer and kept for a period not more than one week, for easy
accessibility. When a plasma sample was needed to be thawed as part of the protocol, thawing
was done for five minutes in 37°C using the water bath Niive NB 5(Niive Sanayi Materials

Manufacturing).

In this experiment, three major pillars formed its cornerstone, in which testing of plasma in
either spiked or non-spiked (see below) status took place. These pillars were in the following
sequence , (1) Isolation and extraction of total RNA (including miRNA) from plasma using one of
two methods ; manual method or robotic method that used QIAcube (Qiagen) as robot, both
were based on miRNeasy Serum/Plasma Advanced (Qiagen) kit and protocol. (2) Measurement
of concentration and quality (QC-analysis) of each sample’s extracted material using Qubit 3.0
Fluorometer (Thermo Fisher Scientific) and Nanodrop DS11+spectrophotometer (DeNovix)
respectively. (3) Detection of the extracted material, using two-tailed RT-qPCR technology
(TATAA Biocenter), in which standardization and optimization of the standard curve serial
dilution took place in order for the samples to have absolute quantification analysis applied on
(Figure 1).

Venous sampling of blood

v

Plasma isolation and collection

Sl

Non-spiked plasma Spiked with synthetic miR-223
QIAcube® Manual QIAcube® Manual
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Two-tailed RT-qPCR
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Absolute Quantification to determine unknown
miRNA copy number

Figure 1. Flowchart illustrating steps taken during this experiment. Once the biofluid was collected,
plasma was separated and then either spiked with synthetic microRNA (miR)-223 or not spiked. After
that, extraction took place with manual step or via QIAcube robot for a total of 48 samples divided as 12
spiked and 12 non-spiked manually extracted, 12 spiked and 12 non-spiked QIAcube extracted. Once
extraction is done, Quality Control (QC) analysis took place for all samples 5 pl of the extracted volume,
while 13 pl used for conducting absolute quantification and determining the copy number of unknown
samples using two-tailed Reverse Transcription-quantitative Polymerase Chain Reaction (RT-qPCR).

Spiking samples

The previously mentioned pillars were used to test plasma samples in two conditions, either: (1)
plasma samples that were spiked with, i.e. added with, synthetic miR-223 (Integrated DNA
Technologies), or (2) Plasma samples that were not spiked with synthetic miRNA. The spiked
plasma were tested in three different levels of miRNA copy number; 1 x 105, 1 x 106 or 1 x 107
.The synthetic miR-223 (Integrated DNA Technologies) (appendix I) was provided with initial
copy number level of 1 x 1013 and 1 x 1014 copies/pl. Serial dilution with synthetic miR-223 took
place. A ratio of 4:36 was used to produce the three desired copy numbers. Filter tips were used
in any step in this experiment whenever there was engagement with miRNA.

Extraction of miRNA
Extraction of total RNA from spiked and non-spiked plasma using the manual method

When the experiment was conducted for spiked plasma samples, modifications took place in
step two and four of the protocol miRNeasy Serum/Plasma Advanced (Qiagen) in order to
apply spiking. A volume of 2 pl from synthetic miR-223 (Integrated DNA Technologies), each
time taken from one of the three copy numbers (done as step four in the protocol) was added
to 98 pl of plasma (done as step two in the protocol). To clarify this, when it was to spike
synthetic miR-223 with copy number of 1 x 105 in plasma, 2 pl from miR-223 of 1 x 10¢ copies
was added to a 98 pl volume of plasma. The same step was repeated with the other copy
numbers of synthetic miR-223 tested, and in total of 12 samples. Step three and five contained
adding buffer RPL and RPP respectively. The amount added was modified to 30 ul of buffer RPL
and 10 ul of buffer RPP. And lastly in step seven, it requires transferring the supernatant of
around 230 ul in case of 200 ul plasma used. Here, a volume of 100 pl of supernatant was used
instead. Vortexing was done in step three, four, five and seven using VWR analog vortex mixer
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(Avantor) and centrifugation was done in step six, eight, nine, 10, 11, 12 and 13 using
Centrifuge MiniSpin Plus (Eppendorf). Once accomplished, Qubit 3.0 Fluorometer (Thermo
Fisher Scientific) and Nanodrop DS11+ spectrophotometer (DeNovix) were used to measure
concentration and purity of each sample, respectively.

For the 12 non-spiked samples, plasma was added as 100 pl volume in step two, while step four
was obliterated, as no spiking took place. Other modifications to the protocol followed the
same ones done for the spiked samples.

Extraction of total RNA from spiked and non-spiked plasma samples using the robotic method

Spiking with synthetic miR-223 and extraction took place using QIAcube (Qiagen) as a robot
and miRNeasy Serum/Plasma Advanced (Qiagen) as a kit and protocol. As mentioned in the
steps of extracting spiked miRNAs manually, the same modifications were applied for robotic
one, up to step six, in which the supernatant was transferred to a new tube (provided with the
kit) without adding the isopropanol, as the adding process was done by the robot with a fixed
volume of 230 pl.

For the non-spiked samples, 12 samples were extracted with the same steps taken to extract
non-spiked samples manually, up to step six, in which from this one onward, similar steps were
taken as in QIAcube extraction for spiked samples. QC-analysis afterwards was done as in
manual methods of extraction.

QlAcube robot

When it was to use the QIAcube robot for extraction of either spiked or non-spiked samples
based on miRNeasy Serum/Plasma Advanced (Qiagen) kit and protocol, samples were to be
transferred and placed in the shaker component of the robot by the end of step six in the
protocol. All the buffers required for the protocol from step six onward were to be contained
within bottles that needed to be filled with a volume of 30 ml maximum (QIAcube, 2018). The
minimum volume however in each bottle should not be less than 3.7 ml (Personal
communication with Qiagen, 2021). Filter tips were provided with the Kkit, in two capacities, 200
and 1000 ul volume.

Quantification and quality analysis

Both concentration and quality analysis were conducted for all samples using Qubit microRNA
Assay Kit and Qubit 3.0 Fluorometer (Thermo Fisher Scientific), and Nanodrop DS11+
spectrophotometer (DeNovix) respectively. The final volume of elute that resulted from each
sample was 18 pl , in which 13 pl used for RT-qPCR, 1 pl for Nanodrop DS11 +
spectrophotometer (DeNovix) and 4 pl for Qubit 3.0 Fluorometer (Thermo Fisher Scientific).
For the Qubit, microRNA Assay Kits and protocol (Thermo Fisher Scientific) of Qubit were used
to prepare the Qubit standards and working solution. Two standards were used in order to
create standard curve before sample measurement. Their mixture was in 10 pl (of each
standard) to 190 pl of working solution. For each tested sample, mixture was done between
196 pl from working solution and 4 pl of the sample, in a tube provided with the kit, and then to
be read by Qubit machine after incubation of two minutes in dark, using RNA reading tool in
the software. For the Nanodrop, each measurement for purity was done with 1 pl for all
samples after blanking, using nuclease free water.

When it comes to Qubit measurement of plasma extracted samples that were having “Out Of
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Range, too low” (0.0.R), values were firstly considered to be equal to zero, and then
calculations conducted. Once this was done, calculations were repeated again, but using the
single imputation method to calculate the limit of detection value for missing data, which is

. . . LO . . .
based on the equation ; Limitofdetection =fQ , Where LOQ is the minimum limit of

quantification .

Synthesis of cDNA

Each of RT reaction that took place was executed based on TATAA GrandScript cDNA
FreePrime kit as part of two-tailed RT-qPCR protocol (TATAA Biocenter). Each reaction
mixture in RT had certain volume when it comes to samples, minus (-) RT or serial dilutions
for standard curve volumes (Table 1). However, and in case of -RT samples, mixture
components were made similar to the one of sample reaction, except of RT enzyme, which was
replaced with nuclease free water.

PTC - 200 Peltier Thermal Cycler (Bio-Rad) machine was used to do RT reactions, following the
thermal cycle setup based on the protocol (Table 2). The step in protocol in which cDNA must
be diluted after its creation was not conducted in this experiment.

Table 1. Reaction mixture of RT for serial dilutions of standard curve and extracted miRNA plasma
samples, spiked and none.

Component Spiked sample Non-spiked sample  Standard curve
volume(pl) volume(pul) sample volume(pl)

GrandScript 2 2 4

FreePrime

Reaction Mix (5x)

GSPenhancer (10x) 1 1

GrandScript 0.5 0.5 1

RT Enzyme

Two-tailed 2.5 2.5 5

RT primer

(0.2 uM)*

Nuclease 3 - 6

free water

Template 1 4 2

Total 10 10 20

* Primers were provided as 10uM. Dilution done in ratio of 1:50 or similar to obtain 0.2uM.

Table 2. Reverse-transcription thermal cycles per run according to TATAA Biocenter protocol.

Temperature (°C) Time(Minutes)
42 45
85 5
4 Hold

Quantitative PCR
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Each qPCR reaction was performed in a total volume of 10 pl based on two-tailed RT-qPCR
protocol (TATAA Biocenter), with some modifications applied to the reaction components
(Table 3). Primers were provided as forward and reverse primers separately. For no template
control (NTC) and -RT samples, reaction contents were the same as in extracted samples,
except for the template (excluded in NTC samples) and RT enzyme (excluded in -RT samples)
.The remaining volume when exclusion rule applied was filled with nuclease free water. In each
96-well plate used (Applied Biosystems), each sample was placed in form of three technical
replicates, with -RTs representing half of the tested sample number in each plate. Once
placement is made for all samples, the plate was sealed with adhesive plastic cover, vortexed
for around five seconds and then centrifuged using FastGene Plate Centrifuge (Genetics) for 10
seconds. Plates were kept in 40C fridge, covered with foil, till qPCR took place. For any sample,
spiked and non, that either showed undetermined quantification cycle(Cq) value or produced a
variation of more than 0.5 of Cq between technical replicates ,resulted in sample being omitted
(results not shown).Quantification used 7300 Real Time PCR System (Applied Biosystems)
software and device.

Table 3. Reaction contents of qPCR for a single sample.

Component Volume(pl)
TATAA SYBR® GrandMaster® Mix 5
(2x)

Forward primer (10 uM) 0.2

Reverse primer (10 uM) 0.2
cDNA 2

Nuclease free water 2.4

ROX* 0.2

Total 10

*Also known as (carboxy-X-rhodamine). Supplied as a 25 uM solution (Biotium).

Statistical data analysis

Once results were obtained from all samples, data analysis and comparison took place in order
to reach a final conclusion. Data was analyzed using Microsoft Excel (Version 2010) and SPSS
(version 26, IBM) statistical software (in which significance level was set to be 0.05). Data was
analyzed by Shapiro-Wilk (S-W) and Levene’s tests in order to check for normal distribution and
equality of variance respectively. Box plot was used in order to compare different groups with
each other. Kruskal-Wallis (K-W) test as a non-parametric test was used to test the existence of
any significance difference between the groups. The aforementioned tests were applied to Qubit
and Nanodrop results. Descriptive statistics such as mean, median and standard deviation were
obtained for all tested groups.

Hands-on and Turn-around times

Counting was done for both hands-on and turn-around times. Hands-on counts for any time that
a sample is been dealt with physically and actively. This involves activities like pipetting,
vortexing or transferring samples from a tube to another. Time was documented by writing the
start and the end time of each step and then to note the difference between the two. Turn-
around in the other hand includes any time that was required to finish all the steps of the
experiment. A digital wall clock was used for counting both times.
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Results

Measurement of quality and quantity for total RNA isolated including miRNA
Results of Qubit 3.0 Fluorometer and Qubit microRNA Assay Kit (Thermo Fisher Scientific)
obtained after measuring small RNA (including miRNA) concentrations for the samples were
documented (figure 2). While on the other hand, results of Nanodrop DS11+ spectrophotometer
(DeNovix) regarding 260/280 absorbance ratio were reported and used for further analysis and
assessment (Appendix III). It is worth mentioning that any 260/280 absorbance ratio results
that showed negative values were not included for any further analysis.

Statistical QC-analysis

To have an overview of the groups compared in this experiment, mean, median and standard
deviation of concentration of RNA and the purity absorbance ratio of 260/280 were calculated

(Table 4).

Table 4. Mean, median and standard deviation of RNA concentration measured by Qubit and 260/280
absorbance ratio measured by Nanodrop for samples either spiked or not, or being extracted manually or
via QIAcube.in (A) limit of quantification (LOQ) was considered zero, while in (B) was considered as 0.05

ng/pl.

Qubit concentration Nanodrop 260/280
(ng/ul) (absorbance ratio)

(A) Method Median Mean +SD | Method Median Mean #SD
of (LOQ=0)* (LOQ=0)* of extraction
extraction
SM(n=12) <0.001 0.19 +0.26 SM(n=10) 1.42 1.48 +0.28
S.Q(n=12) <0.001 0.85 +0.63 S.Q(n=12) 0.93 0.96 +0.20
NM(@n=12)  <0.001 0.05 +0.16 N.M(n=11) 1.49 156  +0.70
N.Q(n=12) 0.72 0.81 #0.38 N.Q(n=11) 0.77 0.76 +0.08

(B) Method Median + SD Mean +SD

of (LOQ=0.05)* (LOQ=
extraction 0.05)*
SM(n=12) 0.04+0.24 0.21+0.24
S.Q(n=12) 0.04+0.61 0.45+0.61
NM(n=12)  0.04+0.15 0.08+0.15
N.Q(n=12) 0.72+0.24 0.72+0.24

*Level of quantification
Measurement of quantity for total RNA isolated including miRNA using Qubit

To check if the data obtained (Appendix II), which is represented by variables as miRNA
concentration, samples being spiked or not and whether extraction done manually or via
QIAcube, were showing similarity in results, normality test was used. Before conduction of the
test, any 0.0.R value was considered in one occasion as zero and in another one as 0.04 after
computation using single imputation method. Firstly, we calculated results based on 0.0.R as
zero. S-W was used as a test for normality of distribution and Levene's test was used to check for
equality of variance. Data was plotted and analyzed and tests of normality along with Levene’s
test of variance were created (Appendix IV) comparing data from the four created groups;
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spiked samples extracted manually (S.M), spiked samples extracted by QIAcube (S.Q), non-
spiked samples extracted manually (N.M) and non-spiked samples extracted via QIAcube (N.Q).
When S-W test was performed, p-value obtained was less than 0.05 for S.M (p = 0.001),S.Q (p=<
0.001), N.M (p = < 0.001) and N.Q (p = 0.042). P-value for mean of variance was also reported
less than 0.05 (p = 0.002). By this, null hypotheses for normality were rejected (no normality of
distribution could be obtained) and for homogeneity of variance (variances are not equal).

Box plot and bar charts on the other hand were created from data obtained from quantity
measurement. Distribution in box plots was done for the different groups, with some points
representing outliers. Outliers were removed when results and assumptions were affected and a
new box plot was created (Figure 2A; Appendix V). Beside this, samples to be tested were 48 in
number, which made analysis of data further with non-parametric test a need. Data were
compared using the non-parametric K-W test (also known as distribution free techniques) for
any statistical significance difference detected between the tested groups S.M, S.Q , N,M and N.Q
(Figure 2A). The test showed a statistically significant difference between the different groups
(x2 (3) = 19.00, p-value = < 0.001). Non-parametric post-hoc analysis with Bonferroni correction
revealed statistically significant differences between N.M and S.Q (p = 0.041), NM and N.Q (p=<
0.001), S.M and N.Q (p = 0.010) and lastly S.Q with N.Q (p = 0.110).

Testing of normality of distribution and variance where done again but with 0.0.R set as 0.04. P-
value for both tests were less than significance level of 0.05 (Figure 2B). The test showed a
statistically significant difference between the different groups (x2 (3) = 17.93 p-value = <
0.001). Non-parametric post-hoc analysis with Bonferroni correction revealed statistically
significant differences between N.M and N.Q (p = < 0.001) and between S.M and N.Q (p = 0.014).
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Figure 2. Comparison shown for median miRNA concentration between four groups; ; spiked samples
extracted manually (S.M), spiked samples extracted by QIAcube (S.Q), non-spiked samples extracted
manually (N.M) and non-spiked samples extracted via QIAcube (N.Q) using Kruskal-Wallis (K-W) as a non-
parametric test for proving presence of significant difference between the groups. When Out of Range
(0.0.R) was considered zero (A), the test showed significant statistical differences between N.M (median =
< 0.001) and S.Q (median = < 0.001) (p = 0.041), N.M (median = < 0.001) and N.Q (median = 0.720) (p =<
0.001), SM (median = < 0.001) and N.Q (median = 0.720) (p = 0.010) and S.Q (median = < 0.001) with N.Q
(median = 0.720) (p = 0.110). When 0.0.R was considered 0.05 (B), statistical significance reported
between N.M (median = 0.040) and N.Q (median = 0.720) (p = < 0.001) and between S.M (median = 0.040)
and N.Q (median = 0.720) (p = 0.014). Detailed results can be found in appendix II. Significance level was
indicated with asterisks. (***): if the p-value < 0.001 ;(**): if p-value < 0.01 and (*): if the p-value < 0.05. (n
=12).

Measurement of purity for total RNA isolated including miRNA using Nanodrop

Nanodrop was used to assess purity of extracted samples, by detecting the ratio of 260/280. S-W
as a normality test was used (Appendix VI). P-value for the group S.Q was higher than 0.05, the
confidence level, in which the null hypothesis would be retained indicating normality of
distribution. But this was not the case for the other groups (not normally distributed). P-value
for mean of variance was less than 0.05 (p = 0.016) and by this the null hypothesis is rejected
(null hypothesis assume that variances are equal). Box plot was created and showed distributed
data for the different groups, with some points representing outliers. When it comes to outliers,
they were removed when results and assumptions were affected and a new one was created
(Appendix VII). By this, further analysis was needed with non-parametric test. K-W was used to
compare the data obtained in order to test the presence of any statistically significant
differences between the tested groups. The test showed a statistically significant difference
between the different groups (x2 (3) = 19.48, p-value = < 0.001). Non-parametric post-hoc
analysis with Bonferroni correction revealed statistically significant differences between N.M
and S.Q (p = 0.297), N.M and N.Q (p = 0.001), S.M and N.Q (p = 0.001), S.Q and N.Q (p = 0.381)
and S.M with S.Q (p = 0.358) (Figure 3).
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Figure 3. Comparison of median 260/280 absorbance ratio between four groups; spiked samples
extracted manually (S.M), spiked samples extracted by QIAcube (S.Q), non-spiked samples extracted
manually (N.M) and non-spiked samples extracted via QlAcube (N.Q) using Kruskal-Wallis (K-W) as a non-
parametric test for proving presence of significant difference between the groups. The test showed
significant statistical differences between N.M (median = 1.490) and S.Q (median = 0.930) (p = 0.297), N.M
(median = 1.490) and N.Q (median = 0.770) (p = 0.001), S.M (median = 1.420) and N.Q (median = 0.770) (p
= 0.001), S.Q (median = 0.93) with N.Q (median = 0.770) (p = 0.381) and S.M (median = 1.420) with S.Q
(median = 0.930) (p = 0.358). SM (n=10/12), SQ (n=12/12), NM (n=11/12) and N.Q (n=11/12).

Analysis of RT-qPCR results

The process of optimization took place for the standard curve of serial dilutions, that is made up
with 105 to 1012 copies of synthetic miR-223 template, based on two-tailed RT-qPCR (TATAA
Biocenter) in order to undertake absolute quantification of the unknown copy number of miRNA
in non-spiked tested plasma samples (Figure 4A). During the optimization and as a positive
control, extracted samples of total RNA, including miRNA, that were spiked with synthetic
miRNA-223 (Integrated DNA Technologies) with 105 and 106 copies were analyzed along with
standard curve of serial dilution, -RT and NTC. Once results were retrieved (Table 5) absolute
quantification of non-spiked plasma took place, and ran along with -RT and NTC (Figure 4B).
Despite the fact that spiked samples with copy number of either 105 and 106 from synthetic miR-
223 were amplified and all showed results (Appendix IX), only seven samples from the non-
spiked produced amplification when tested (Table 5; Appendix VIII).
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Figure 4. (A) Standard curve for the serial dilution with synthetic miR-223 that ranges from 1x105 to
1x1012 copies/ul with each blue square representing single dilution level. R? represents correlation
coefficient. (B) Standard curve along with seven non-spiked samples plotted. Non-spiked samples are
appearing in the curve with each one represented by a different shape as displayed in the right corner of
the figure. Only non-spiked samples were plotted against the standard curve in order to avoid
crowdedness. NS 7M = non-spiked manually extracted sample 7, NS 8M = non-spiked manually extracted
sample 8, NS 9M = non-spiked manually extracted sample 9, NS 10M = non-spiked manually extracted
sample 10, NS 11M = non-spiked manually extracted sample 11, NS 12M = non-spiked manually extracted
sample 12 and NS 7Q = non-spiked QIAcube extracted sample 7.

Table 5. Mean quantification cycle (Cq) values for spiked and non-spiked samples with correspondent log
concentration. 1 x 1051 M and 1 x 1052 M are manually extracted samples number one and two
respectively with 105 as copy numbers. 1 x 106-1M and 1 x 106-2M are manually extracted samples number
one and two respectively with 106 as copy numbers. 1 x 1051 Q and 1 x 1052 Q are QIAcube extracted
samples number one and two respectively with 105 as copy numbers, while 1 x 1061Q and 1 x 106-2Q are
QIAcube extracted samples number one and two respectively with 106 copy numbers. NS 7M, NS 8M, NS
9M, NS 10M, NS 11M and NS 12M are non-spiked manually extracted samples number seven, eight, nine,
10, 11 and 12 respectively. NS 7Q is non-spiked QIAcube extracted sample number seven.

Spiked Sample Mean Cq + Log concentration

or not/manual Standard deviation

or

QIAcube extraction

Spiked, 1x10>1M 34.13+0.41 10511

Manually extracted 1% 1052M 32.05:0.11 105565
1x106-1M 31.82+0.21 10572
1x106-2M 34.36+0.32 10505

Spiked, QIAcube 1x10>1Q 33.97+0.48 10515

extracted 1x1052Q 33.06+0.33 10539
1x1061Q 36.17+0.28 10457
1x1062Q 35.65+0.32 10470
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Non-spiked, NS 7M 35.10+0.10 10485

Manually extracted NS 8M 37.20+0.95 10430
NS 9M 36.14+0.21 10458
NS 10M 34.86+0.43 10491
NS 11M 37.58+0.29 10420
NS 1ZM 37.31+010 10427
Non-spiked, NS 7Q 36.44+0.21 10450

QIAcube extracted

Moreover, melt (dissociation) curve was produced and created testing samples from both
categories, when samples were spiked with different copy number and with samples being non-
spiked (Appendix X).

When products of the reaction accumulated over a period of time, amplification plot curves are
created (Appendix XI). Analysis was conducted for both curves, including both spiked and non-
spiked tested plasma samples. Minus RT and NTC in melt and amplification curves showed no

amplification as desired (Data not shown).

Hands-on and Turn-around times

As a point of comparison between the needed time to extract miRNA using either manual or
QIAcube (Qiagen) method based on miRNeasy Serum/Plasma Advanced (Qiagen) protocol and
kit, Comparison was made to assess the time needed for sample extraction. Turn-around time
and Hands-on time were calculated for each spiked and non-spiked samples extracted
manually and with QIAcube (Appendix XII). While hands-on time was calculated for single
sample each time, it was calculated for two samples when it comes to turn - around time, since
the QIAcube robot does not allow to run single sample at a time for extraction process.
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Discussion

As it is a matter of struggle by clinicians to diagnose sepsis because of mixed and unclear picture
of symptoms and signs, the work in the past few years has focused on early detectability of
sepsis by introducing new diagnostic criteria and early antibiotic treatment (Husabg et al.,
2020). Although improvement achieved in some areas of the world in recent years, sepsis
mortality is a burden to many areas within middle and low class countries, with up to 80% of
mortality rates (Kim & Choi, 2020). As been designed, this study aimed at assessing effective
procedural steps to be taken to isolate miRNA from plasma samples as adjunctive tool for sepsis
diagnosis. For this purpose, certain aspects were tested, namely; method of extraction, plasma
being spiked or not and QC-analysis, together with absolute quantification of unknown plasma
miRNA copy number using two-tailed RT-qPCR (TATAA Biocenter) as a robust testing tool, with
less than two hours of total time analysis (Androvic et al., 2017). Fluid depletion makes
obtaining sample a strenuous task in sepsis patients. As the expression of miRNA varies between
different biofluids, the need was eminent to unify the source in each study to avoid variability
and ensure reproducibility, bearing in mind the already available miRNA in very low
concentrations (Garcia-Elias et al., 2017). As proven by some studies, miRNA in plasma is more
stable compared to other biofluids, and does not show alteration to either pattern or level,
especially when freezing and thawing is needed for samples (Felekkis & Papaneophytou, 2019).
In another study, serum as a rival biofluid to plasma was found stable for only 3 hours to detect
RNA (Narita et al, 2012). RNA released from platelets and blood cells can also give false
estimations when serum is used (Lee et al., 2016). Plasma with 100 pl was used as starting
volume. This coordinates with a study in mammals, confirming applicability of using starting
volume as little as 50 pl (Das Gupta et al., 2020). MiR-223 has proven to be a promising tool in
detecting sepsis progression along with diagnosis (Shen et al., 2020). It showed high correlation
with the disease severity and the existence of inflammatory markers (Wu et al.,, 2018). The
subtype ‘3b’ was found to be in high abundance if compared between plasma and serum (Foye et
al, 2017). Presence of inhibitors, like proteins and nucleases could affect miRNA analysis,
isolation and detection (Christoffel et al.,, 2021). This entails to the use of effective method for
extraction. As tested by Qiagen, miRNeasy Serum/Plasma Advanced as the kit used in this study,
scored the highest best result for extraction of total RNA (including miNRA) compared to other
methods (Christoffel et al.,, 2021). However, it should be noted that the kit also extracts small
RNA along with miRNA, as this can affect final results of any quantification process.

Analysis of quantity and quality for total RNA isolated including miRNA

Missed data is problematic and can cause extreme bias, as it affects efficiency and
meaningfulness of data analyzed. Correcting biased data is difficult, since choosing the
appropriate test mandates extreme caution. Single value imputation method was used to correct
missed data obtained by Qubit. It is based on lowest detection value by Qubit for small RNA
which is 0.05 ng/ul (Garcia-Elias et al, 2017; Oberg, H. 2020; Qubit, 2021) .Replacement was
done with a defined value used twice. The 0.0.R data was replaced in one occasion with “zero”
value and as “0.04” in another time. This was to identify presence of any results’ significant
differences. When 0.0.R was set as “zero”, K-W as non-parametric test revealed statistically
significant differences between N.M and S.Q, N.M and N.Q, S.M and N.Q and S.Q with N.Q. When
0.0.R was set as 0.04, statistically significant differences were found between N.M and N.Q, and
S.M and N.Q (Figure 2). Results also showed concentration readings detected more for QlAcube
compared to manually extracted samples, either spiked or not (Appendix II). This is also
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illustrated by the high average concentration in QIAcube compered to manual extraction (Table
4). This could indicate that QIAcube extraction is leading to better results compared to manual
extraction, based on the fact of automation in almost half of the protocol steps, which minimize
the possibility of technical error occurrence. Another important point is the amount of
isopropanol used in the protocol was added as fixed amount of 230 pl when samples were
extracted by QIAcube, compared to a proportionate amount for the supernatant (100 pul). Some
studies have suggested effectiveness in using larger volume of isopropanol for extraction. A
study compared usage of same extraction protocol but with 100 and 200 pl volume of plasma,
extracted manually and via QIAcube, the miRNA concentration measurement was found higher
in samples when 230 pl as a volume of isopropanol was used. They documented also that the
level of overall increase in obtained quantity was less in manual kit compared to QIAcube one
(Lindeberg, V., 2020), indicating superiority of QIAcube extraction over manual. Although
studied in plant, using of isopropanol in seaweed to extract RNA showed also enhancement in
obtained results, and abbreviate precipitation duration (Greco et al., 2014). When it comes to
standard deviation readings in QIAcube compared to manual in both 0.0.R results, higher
readings reported in QlAcube (Table 4), but this could be attributed to wider range of QlAcube
results distribution of samples compared to the limited ones scored by the manual extraction.
All the above mentioned results cannot be taken as a foregone conclusion of QIAcube superiority
without acknowledging the significant numbers of the extracted samples, mainly manual
(Appendix II), having 0.0.R readings for both methods. Having 100 pl as an initial sample
volume, and considering the possibility of miRNA existed in low volume, could suggest presence
of miRNA in tested samples in already scanty volumes from the beginning, therefore render it
inconspicuous. When it comes to Qubit, it measures fluorescence intensity of the fluorescent dye
used in Qubit solution that binds to each miRNA, resulting in emission of light waves that uses
referenced data to quantify sample’s concentration (ThermoFisherScientific, 2021). It should be
emphasized that it does measure small RNA as well as miRNA alike, and having 0.0.R readings
per se does not necessarily indicate that there are no miRNAs in samples, but rather it could
mean miRNA level is below range of detectability, as Qubit is able to detect minimally 0.05 ng/pl
of small miRNA (Garcia-Elias et al., 2017; Qubit., 2021). Falsified estimations with high readings
could also be the case with QIAcube results, due to longer RNA fragments’ degradation into
smaller ones, which are detected as miRNA (Podolska et al.,, 2011).

By assessing 260/280 absorbance ratio results for all samples (Appendix III), manually
extracted samples have higher purity readings compared to the one extracted with QIAcube.
This can be also noticed with the mean results (Table 4). Although higher purity towards the
normal range is a bonus for manual method, this still could be as a result of contamination by
chemicals used during extraction process, causing overestimation (ThermoFisherScientific, n.d.).
Nanodrop works by analyzing Ultraviolet (UV) light that passes through tested sample and then
analyzing light arrays (Nanodrop, 2021). The ideal 260/280 ratio for RNA measurement is 2.0
(DeNovix, 2021), with lowest accepted ratio reported as 1.7 (Okamoto & Okabe, 2000). In
current experiment, few resulted samples were in the normal range window of 260/280
absorbance ratio, while most of the samples were in range less than the accepted (Appendix III).
Few samples showed negative results. The low purity could be attributed to presence of
contaminants in form of phenol, proteins or any other component affecting the degree of
absorbance used in the process of extraction (Desjardins & Conklin, 2010). Presence of alcohol
or pH variability could also cause biased results (Cefalo et al., 2021). Guanidine as a known
source of contamination is present in the RPL buffer, which is part of the extraction process. It
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could be accused as a source of contamination (Thermofisher, 2021). The impact on any
component used in steps of Nanodrop analysis, that can result in reduced pH (i.e. causing acidic
pH) level, can lead to reduced 260/280 ratio, as this will affect UV absorbance of RNA (Wilfinger
et al,, 1997). The negative results obtained in the other hand could indicate error in blanking,
presence of dirt or contamination (DeNovix, 2021). However, we cannot exclude the factor of
having de novo samples with low concentrations of miRNA (less than 10 ng/ul), since such a low
level may affect the accuracy of ratios obtained, resulting in false results (Thermofisher, 2021).
As a drawback to Nanodrop use, when measurement of RNA 260 nm absorbance level takes
place, it does not confine only to RNA detection, but rather it could include DNA measurement or
even free nucleotides, which can make quantification less accurate and overestimated for miRNA
(Garcia-Elias et al., 2017). Nanodrop overestimation and lack of sensitivity have been also
reported based on the fact that it could measure other contaminants along with nucleic acid
tested, ending in biased results (Wright et al, 2020). This lack of precision demonstrates
superiority of Qubit, in which the way of measurement is dye-based rather than been light
analytical-based. Post-hoc analysis with Bonferroni correction revealed statistical significant
difference between N.M and S.Q, N.M and N.Q, S.M and N.Q, S.Q and N.Q, and S.M with S.Q (Figure
3), which confirms the impact of spiking and method of extraction as variable parameters on
purity results. Better results were documented with spiked samples compared to the non-
spiked, in which manual ones showed higher mean values than QIAcube extracted samples.
These differences in results could be related to various factors. First, QIAcube spiked samples
showed relatively high mean purity results compared to non-spiked ones. However, no clear
variation noticed when comparison was made between spiked and non-spiked samples
extracted manually. Secondly, the use of isopropanol in extraction might have affected the
results. As mentioned before, the volume of isopropanol was set to a fixed value of 230 pl in all
QIAcube samples, while it was proportionate to samples’ volume in case of manual extraction.
This could have contributed to difference in results. Similar evidence was noticed by Lindeberg,
V., (2020) in which plasma samples with 100 pl extracted by either QIAcube or manually with
fixed volume of 230 pl of isopropanol were close in results, while showing varying outcome
when only proportionate volume of isopropanol was used in 100 pl of plasma extracted
manually. However as mentioned before, presence of miRNA in plasma is considered relatively
low, which could be the reason behind the low readings, mainly in non-spiked samples
(Lindeberg, V., 2020). This harmonizes with the work done by Moret et al. (2013) indicating
relatively low detectability by tested samples with Nanodrop (Moret et al., 2013). Thirdly,
haemolysis as affecting factor of miRNA quantification should be taken into consideration, as in
vivo and vitro haemolysis reported to affect availability of c-miRNA, by giving high false positive
readings. Kirschner et al. (2013) found that 65% of tested miRNA (88 of 136) showed elevation
when checked in hemolyzed samples compared to non-ones (Kirschner et al., 2013). lastly, all
precedented difficulties in obtaining good results with either Qubit or Nanodrop cannot be taken
for granted without consideration of miRNA amount in biofluid, possibly being less than 1 % of
total RNA (Moldovan et al., 2014), reflecting the need for further studies on miRNA, involving all
aspects from sample extraction till quantification.

Analysis of RT-qPCR results

The work established by Chen, C. (2005) emphasized the effectiveness of using RT-PCR (with
stem-loop primer technology in his case) for quantification, and showed it as a leading
technology in the field. Later, the RT-PCR has emerged to be the gold standard method for
nucleic acid quantification (Chen, C. 2005; Schmittgen et al., 2008). With time, improvement and
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adaptations took place to result in developing the novel two-tailed RT-qPCR (Androvic et al,,
2017), which provides a robust and effective way for quantification, including miRNA. When RT-
gPCR was used in current study, the impact of any variation occurred in results was reduced as
possible. As one of the major aims in current study is to optimize two-tailed RT-qPCR, validation
was attempted and then succeeded for the synthetic miR-223 standard curve of serial dilution
before sample testing. Once validation took place (Figure 4); RT-qPCRs were conducted for all
samples, along with -RT and NTC, by starting first with spiked samples as positive control and
later results were produced (results not shown). Testing started with samples that had 105 and
106 copies/pl for optimization. When results were obtained, decision was made to continue
using sample number 1 and 2 (from the 4 samples from each copy number), extracted either
manually or via QIAcube, as internal positive control in comparison with non-spiked ones
(Appendix IX; Table 5). Non-spiked samples were then tested alongside the spiked. As
optimization was done with samples that had 105 and 106 copies/pl, no sample from the spiked
ones with miR-223 107 copies/pul were used for further comparison against non-spiked samples.
As part of the qPCR steps and while placed in 96 well-plate, three technical replicates for each
sampling were used, as this proved to increase precision of data obtained, reaching up to 68%
(Svec et al, 2015).To begin with and to prove idiosyncrasy in detecting miRNA without
occurrence of non-specific amplification, NTC and -RT were assessed. The chosen tested
samples for further analysis (Table 5) showed no amplification in NTC or -RT (data not shown).
These two parameters are strong indicators of sensitivity and specificity of the assay (Bustin et
al., 2009). As a way of assessment to the reaction efficiency, the standard curve was constructed
(Figure 4), this is to help ultimately for absolute quantification of copy number of unknown
template amount in non-spiked samples (Appendix VIII; Table 5). When bearing in mind the
hallmarks mentioned by the work of Bustin et al. (2009) that determines the quality of
optimized qPCR, this has showed less optimum values in our study, with slope scoring -3.7,
correlation coefficient as reflector of replicates reproducibility being 0.98 and efficiency
reaching a little above 85% (Bustin et al., 2009). Factors that contribute to this could be
presence of PCR inhibitors, defected PCR primer design, or errors in standard curve analysis.
Although primer mismatching and formation of secondary structure is a well-known cause of
decreased efficiency (Singh et al., 2000), the structure of primers used in two-tailed RT-
gPCR(TATAA Biocenter) is designed in order to prevent any non-specific interactions from
occurring (Androvic et al., 2017). Likewise, no publication has proven until conduction of this
experiment the possibility of primer-dimer formation when TATAA technology primers are used
(Personal communication with TATAA Biocenter, 2021), including current study. Another major
predictor of PCR efficiency is the guanine-cytosine (GC) content in the template in which a high
content can affect the efficiency (Mallona et al., 2011). The use of reagents in suboptimal
conditions is also a factor that can contribute to low efficiency (Life technologies, 2014). Beside
all the previously mentioned, having pipetting errors in sampling, could not be ruled out as a
cause of low reaction efficiency. Evaluation was done for all tested samples’ Cq values (Table 5).
Non-spiked samples scored log concentration in the range between 104 and 105. Samples spiked
with 105 copies of synthetic miR-223 scored log concentration of copy number of around 5,
while scoring values up to 4 for samples spiked with 10¢. This validates spiked samples as a
positive control. However, the reason why spiked samples with 106 showed lower values than
anticipated could be related to degradation of miRNA with time, resulting in lower values
reflecting reduced miRNA integrity (Ibberson et al.,, 2009). Similar phenomenon was noticed
with Reihell, I. (2020) in which degradation resulted in variability in obtained results (Reihell, I.
2020). Melt curve analysis among other components in RT-qPCR provides a comprehensive
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understanding on validity of the reaction and work as an indicator of presence of any
nonspecific amplification. Melting curves for spiked and non-spiked samples (Appendix X)
showed discrete, well defined and homogenous peaks, indicating the presence of single product
source. The melting temperature is the same detected for all reactions. Melt curve analysis has
the ability to identify presence of primer-dimer and the specificity of the chosen primers, since
they are crucial components to indicate reaction’s efficiency. In the study conducted by Von Ehr
M. (2020) concluded that RT primers (same as used in current study) used in qPCR were proven
to be specific, with no evidence suggesting formation of primer-dimer (Von Ehr, M. 2020). SYBR
Green I dye was used as part of the master mix for qPCR to help quantifying the produced
products. By tracking the fluorescence emissions in each reaction. Although being effective in
quantification, one of the dye drawbacks is been nonspecific to the studied material, leading to
false positive results (Marmiroli & Maestri, 2007). Limitation of the dye could be also in form of
PCR inhibition or binding to areas rich with GC contents preferentially (Ahmed et al., 2017).
Amplification plots (Appendix XI) showed clear and distinguishable demarcation between
background noise, thresholds and the formation of the sigmoidal shaped curves up to
plateauing. Overlapping between technical replicates as an indicator of healthiness of the
reaction is seen in most of the samples, but clearer with standard curve of serial dilution.
However, some variation could be still noticed between samples.

RNA Carriers, turn around and hands-on times

Carriers can be used to maximize extracted nucleic acid by being added separately or used as
part of protocols. This has got major importance when it comes to biofluids that have scanty
nucleic acid level (FisherScientific, 2021). Glycogen has been used as carrier with concentration
lower than 250 ug/ml, when RNA was isolated, without affecting RT-PCR quality (Fiedler et al.,
2010). In a study done by Ban et al. (2017) to determine the effect of glycogen or yeast transfer
RNA as two carriers, in improving extraction of miRNA from plasma, using both carriers
together showed to increase miRNA recovered instead of using each one of them separately. The
study also confirmed increasing the amount of carrier resulted in increasing miRNA recovered
(Ban et al., 2017). This was partially agreed with the work done by Moret et al. (2013) marking
the importance of using carriers to help quantify samples tested using Nanodrop, but also
mentioning the use of high doses of carrier, that could mask the actual quantity of tested nucleic
acid, as carrier compete with miRNA in elution(Moret et al., 2013). The work done by Ramén-
Nufez et al. (2017) suggested the use of carriers is affected by factors like abundance of RNA in
sample, GC contents and the protocol used. In the other hand, yeast RNA as carrier was found to
be most effective when dealing with small RNA and miRNA concentration. Ramén and his
colleagues proved success of some carriers with certain protocols, while they fail to show
improvement with others. They concluded that the use of carriers is preferred to be protocol
specific, as carriers are effective in improving extraction, but this effectiveness differ from a
protocol to another, bearing in mind the factors mentioned (Ramoén-Nufiez et al., 2017).

Hands-on time showed less duration required when QIAcube was used compared to manual,
either in spiked or non-spiked samples (Appendix XII). This is apparently because almost half of
the steps done were automated. Non-spiked samples showed less time required compared to the
spiked ones, but this could be attributed to unfamiliarity with kit as the spiked samples were
tested first (Appendix XII). Turn-around time was also in favour of QIAcube, with almost half of
the time required for extraction. This can be of a great importance when it comes to application
of using QIAcube in clinical practice for sepsis, since time is a crucial factor for diagnosis.
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Conclusion and future perspectives

This study comes in consonance with previous milestone work done in order to provide answers
for the role of miRNA in sepsis diagnosis. A 100 pl of plasma as a starting volume and a biofluid
both proved to be promising in miRNA isolation and extraction, towards its practical application
as a biomarker. MiRNeasy Serum/Plasma Advanced (Qiagen) as a tool for extraction has
authenticated its reliabilities and capabilities, either manually or via QIAcube. Although both
methods yielded results, QIAcube ascertain its superiority in terms of overall productivity and
speed of work conduction. Qubit and Nanodrop as QC-analytical tools have contributed to the
study with valuable information; however, relying solely on their results could produce conflicts
and uncertainty, and from here comes the role of RT-qPCR as an effective and precise way of
quantification. Although time as a factor was against demonstrating many hidden sides like full
potentials of QIAcube and two-tailed RT-qPCR (TATAA Biocenter), this thesis work as conducted
in Skovde University, uniquely, showed possibility of extracting miRNA using QIAcube and then
optimizing two-tailed RT-qPCR for predicting the unknown copy number of non-spiked plasma
samples. This will preserve optimism in any future work that includes RT-qPCR.

The past extensive work in all biology that led to miRNA discovery (O'Brien et al., 2018) will
help to draw a clearer picture, for methods that can improve capabilities of miRNA as multi-
marker model for sepsis. The present, defined not only by the current study, but any other work
complying with its goal, has founded a solid ground by qualifying a process start from plasma
and ending up with miRNA being quantified, for usage on clinical work. The impact of sample
size should not be ignored, and further studies with greater size are favored. This should happen
in accordance with testing healthy and diseased patients’ samples aside for further validity.
Accessing miRNA via plasma is a valid option, however in case of testing alternatives; the
biofluid used must be chosen with caution, taking into account properties and differences
between biofluid used and the expected availability of miRNA. Continuation of extraction with
initial volume of 100 pl proved to be effective (Lindeberg, V.2020; Oberg, H.2020) and
avoidance should happen for an increased starting volume as this could cause miRNA being less
efficiently recovered (Tiberio et al, 2015), and could increase the chance of blood-borne
inhibitors existence while performing RT-qPCR (Page et al., 2013). Choosing the best time of
sampling is cardinal, since obtaining samples for instance after intense exercise may alter the
level of miRNA in circulation and eventually in the collected sample (Yamada et al., 2014).
Haemolysis as factor affecting levels of miRNA measured could be detected by different
methods, but using the ratio of miR-451a to miR-23a-3p is an effective tool (Nordén, 2020).
Medications and nutrition are among a long list of factors affecting level of miRNA (Felekkis &
Papaneophytou, 2019). This should be considered when sampling and improvement of the best
timing and conditions, in which samples should be taken, could be a place of research in future.
Consideration should take place to testing lower copy number of non-spiked samples, since
amplification could occur in lower values that produce lower log concentration. It is also worth
mentioning that the use of carriers should be highly considered for any future planning of
miRNA extraction from plasma. Twenty eight years since its discovery, biology as adopting field
to miRNA still lacks good knowledge and tools exploring its behavior, including in the field of
sepsis. The hope here being that this study would substantiated a positive add, for what should
come in the future for developing effective methods for not only sepsis diagnosis, but all other
life threatening diseases.
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Ethical aspects, gender perspectives, and impact on the society

Minding ethical consideration in any study mandates adhering and guaranteeing full
responsibility, confidentiality along with professionalism in maintaining privacy of the
participants. For this study, plasma as biofluid was extracted from blood of self-assessed healthy
adult donours. Individuals who participated were willingly accepting withdrawal of blood and
conducting research on it. By this, no ethical approval was indicated. This comes in accordance
with ethical considerations for the project ‘Future diagnostics of sepsis’, which was approved by
the Regional Ethics Committee in Gothenburg, no. 376-11, in which data were collected in the
period between September 2011 to June 2012, in emergency department of Skaraborg Hospital.
Samples were obtained from patients, as part of ongoing investigation of community-onset
severe sepsis and septic shock occurrence in adults who aged 18 years and above. Blood
samples were taken from patients who provided written consent and were willing to contribute
to this research purposes. These samples were stored at -80 °C in a bio-bank (Biobank Sverige)
to be used when needed.

By obtaining a tool for early diagnostic of sepsis, the two sides of equation , represented by
anyone under the umbrella of the health system from one side, and the responsible authorities
from another, both will be gaining. Medical staff will be able to recognize cases early and deal
with it as soon as possible, without the need of doing unnecessary, costly investigations. Late
diagnosis will result in long period of hospitalization, along with usage of expensive medications.
Early and more correct treatment will prevent long staying patients in hospital from developing
antibiotic resistance, which could be a burden to the health system in both long and short terms.
This is also consistent with United Nation 2030 vision, by combating antimicrobial resistance
and provides needed protection against these health threats. Early recognition of sepsis could
also provide easily accessed care for patients with different diseases requiring medical attention.
The authorities on the other hand will need to compensate for the huge cost of illness and caring
while patients are hospitalized. By this, it is clear that the burden of sepsis can apply to many
aspects of the community, reflecting the role needed to be taken in order to accurately and
efficiently diagnosing sepsis.
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Appendices
Appendix I:

Table 1. Synthetic miRNA-223, RT and qPCR primers sequences.

MiRNA ID* hsa-miR-223-5p

Sequence (5'-3') CGUGUAUUUGACAAGCUGAGUU

RT AAATACACGTGCTAGACTCTACACACTTACTATAAGTAAGTAACCTATTAGAACTCAGC
primer sequence

QPCR AAATACACGTGCTAGACTCTA

forward primer

QPCR CGGCCGTGTATTTGACAA

reverse primer

*Integrated DNA Technologies.
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Appendix II:

Table 2.Qubit 3.0 Fluorometer concentrations results for (A) spiked-in with miR-223 and (B) non-spiked
samples using the manual and QIAcube robot based on miRNeasy Serum/Plasma kit and protocol

(Qiagen).

(A)
Manually extracted samples

Sample no. 1 2 3 4 5 6 7 8 9 10 11 12
MiR-223 1x105 1x10> 1x10°> 1x10> 1x10¢ 1x10¢ 1x10¢ 1x10¢ 1x107 1x107 1x107 1x107
(copies/ul)
Concentration 0.40 0.58 0.60 0.21 OOR OOR OOR OOR OOR O0OOR O00OR O0.0OR
(ng/ul)
Plasma 31 31 40 40 37 37 37 35 35 35 99 99

sample code

Robotically extracted samples by QIAcube(Qiagen)

Sample no. 1 2 3 4 5 6 7 8 9 10 11 12
MiR-223 1x105 1x10> 1x105> 1x10> 1x10¢ 1x10¢ 1x10¢ 1x10¢ 1x107 1x107 1x107 1x1
(copies/ul) 07
Concentration 0.72 1.24 538 0.0.R* 132 1.49 0.0.R* O0.0.R* O.O.R* 0.0.R* 0.0.R* O0.0.R*
(ng/ul)

Plasma 40 31 38 38 99 99 39 39 39 17 17 17

sample code

*Out Of Range (too low). All these results were dealt with first as

**Omitted from further analysis, as considered an outlier.

(B)

Manually extracted samples
Sample no. 1 2 3 4 5 6 7 8 9 10 11 12
Concentration O0.0.R* 0.0.R* O0.0.R* 0.0.R* 0535 O0.0.R* 0.0.R* 0.0.R* 0.0.R* 0.0.R* 0.0.R* O0.0.R*
(ng/ul)
Plasma 19 28 43 26 20 28 46 46 46 45 45 45

sample code

Robotically extracted samples by QIAcube(Qiagen)

Sample no. 1 2 3 4 5 6 7 8 9 10 11 12
Concentration 1.24 1.77 0.85 0.78 039 095 0.71 0.49 0.46 0.62 0.71 0.7
(ng/ul) 3

Plasma 48 48 48 47 47 47 50 50 50 42 42 42

sample code

*Out Of Range (too low). All these results were converted by limit of detection equation to be 0.35, and
recalculation took place again.
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Appendix IlI:

Table 3.Nanodrop results for (A) spiked-in with miR-223 and (B) non-spiked samples, using the manual
and QIAcube robot based on miRNeasy Serum/Plasma kit and protocol (Qiagen).

(A)
Manually extracted samples

Sampleno. 1 2 3 4 5 6 7 8 9 10 11 12
MiR-223 105 10° 105 10° 106 106 106 106 107 107 107 107
(copies/pl)

260/280 1.50 1.40 1.49 141 1.79 091 -1980 -057 133 1.42 1.53 1.97
(ratio)*

260/230 0.17 0.28 0.15 0.10 0.01 -0.03 0.01 -0.04 0.05 0.25 0.33 1.40
(ratio)

Conc.* 1.14 3.69 1021 251 246 -047 0.55 -0.57 3.63 31.03 2.87 0.02
(ng/ul)

Plasma 31 31 40 40 37 37 37 35 35 35 99 99
sample

code

Robotically extracted samples by QIAcube(Qiagen)

Sampleno. 1 2 3 4 5 6 7 8 9 10 11 12
MiR-223 105 105 105 105 106 106 106 106 107 107 107 107
(copies/pl)

260/280 1.03 0.90 111 0.77 1.47 0.88 0.74 0.96 1.03 0.76 1.05 0.80
(ratio)

260/230 0.09 0.10 0.07 0.09 0.25 0.09 0.11 0.14 0.10 0.11 0.08 0.05
(ratio)

Conc.* 4.18 6.71 570 434 4299 796 517 5.65 5.80 4.33 7.26 4.82
(ng/ul)

Plasma 30 31 38 38 99 99 39 39 39 17 17 17
sample

code
*Concentration

(B)

Manually extracted samples

Sampleno. 1 2 3 4 5 6 7 8 9 10 11 12
260/280 0.68 0.79 2.73 -210 081 231 146 115 151 180 245 152
(ratio)*

260/230 0.01 0.01 -0.05 0.07 0.03 001 0.06 005 0.01 002 012 0.03
(ratio)

Conc.** 0.82 1.84 -046 0.16 627 249 240 187 271 121 119 094
(ng/ul)

Plasma 19 28 43 26 20 28 46 46 46 45 45 45
sample

code

Robotically extracted samples by QIAcube(Qiagen)

Sampleno. 1 2 3 4 5 6 7 8 9 10 11 12
260/280 0.62 0.68 -022  0.70 0.79 0.70 0.80 0.89 0.85 081 0.74 0.79
(ratio)*

260/230 0.09 0.07 -0.03 0.09 0.08 0.080 0.09 0.09 0.09 0.10 0.09 0.08
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(ratio)

Conc.** 10.39 8.46 -144 8.26 633 642 7.62 7.03 6.54 793 942 8.67
(ng/ul)

Plasma 48 48 48 47 47 47 50 50 50 42 42 42
sample

code

*Any sample with negative 260/280 absorbance ratio was excluded from further analysis, **Concentration.
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Appendix IV:

Table 4. Statistical analysis of measured Qubit concentration, firstly when Out Of Range (0.0.R) data was
considered zero, results showed (A) Test of normality for Qubit concentration comparing 4 categories:
spiked samples extracted manually, spiked samples extracted by QIAcube, non-spiked samples extracted
manually and non-spiked samples extracted by QIAcube. (B) Levene’s test of variance of the mean, where
P-value is less than 0.05. Secondly, when 0.0.R was considered 0.04, results showed (C) Test of normality
for Qubit concentration comparing 4 categories: spiked samples extracted manually, spiked samples
extracted by QIAcube, non-spiked samples extracted manually and non-spiked samples extracted by
QIAcube. (D) Levene’s test of variance of the mean, where p-value is less than 0.05.

(A)
Tests of Normality
Method Kolmogorov-Smirnov Shapiro-Wilk
Statistic  df Sig. Statistic  Df Sig.
Concentration S-M(n=12) 0.356 12 0.000 0.724 12 0.001
S.Q(n=12) 0.292 12 0.006 0.611 12 0.000
N.M(n=12) 0.530 12 0.000 0.327 12 0.000
N.Q(n=12) 0.206 12 0.168 0.854 12 0.042
(B)
Test of Homogeneity of Variance
Levene dfl df2 Sig.
Statistic
Concentration  Based on Mean 5.988 3 44 0.002
Based on 2317 3 44 0.089
Median
Based on 2317 3 12.674 0.125
Median and
with adjusted
df
Based on 4.808 3 44 0.006
trimmed mean
(€)
Tests of Normality
Method Kolmogorov-Smirnov Shapiro-Wilk
Statistic  df Sig. Statistic Df Sig.
Concentration SM(n=12) 0.328 12 0.001 0.809 12 0.012
SQn=12) 0313 12 0.002 0.553 12 0.000
N-M(n=12)  0.530 12 0000 0327 12 0.000
NQn=12) 0206 12 0.168 0.854 12 0.000
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(D)

Test of Homogeneity of Variance

Levene df1l df2 Sig.
Statistic
Concentration Based on Mean 5.489 3 44 0.003
Based on 2147 3 44 0.108
Median
Based on 2.147 3 12.084 0.147
Median and
with adjusted
df
Based on 4.114 3 44 0.012

trimmed mean
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Appendix V:
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Figure 1. Box plots for concentration of the four compared different groups when (A) O.O.R was
considered zero and (B) when removal was done for outliers of same data points represented by data
points 27 and 38. (C) Box plot for concentration of the four compared different groups when 0.0.R was
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considered 0.04 after using single imputation method and (D when removal was done for outliers
represented by data points 27 and 38. These four group compared are; spiked samples extracted
manually (S.M), spiked samples extracted by QIAcube (S.Q), non-spiked samples extracted manually (N.M)
and non-spiked samples extracted by QIAcube (N.Q). Each box has a black line in the middle, which
represents the median. The upper limit of each box represents 3rd quartile, while the lower one
represents the 1st quartile. The space between them represents the interquartile range (IQR), which
appears in blue. The black tails (whiskers) above and below boxes represent the highest and lowest
values, without consideration of outliers. Outliers are any points beyond the limit edge of each box and
identified as more than 1.5 IQR away from the edge of the box if it has a red circle, while more than 3.0 IQR
away from the edge of the box if it is represented by green triangle. Note that in N.M group all samples
scored 0.0.R results, except one that is kept. Sample size for each group (n = 12).
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Appendix VI:

Table 5. Statistical analysis of measured Nanodrop purity showing (A) test of normality for Nanodrop
purity comparing four categories: spiked samples extracted manually, spiked samples extracted by
QIAcube, non-spiked samples extracted manually and non-spiked samples extracted by QIAcube. (B)
Levene’s test of variance of the mean, where p-value is less than 0.05.

(A)
Tests of Normality
Method Kolmogorov-Smirnov Shapiro-Wilk
Statistic  Df Sig. Statistic = Df Sig.
Purity Spiked, manual 422 12 .000 402 12 .000
Spiked, QIAcube 160 12 200 873 12 .070
Non-spiked, .238 12 .058 832 12 .022
Manual
Non-spiked, 337 12 .001 579 12 .000
QIAcube
(B)
Test of Homogeneity of Variance
Levene df1 df2 Sig.
Statistic
Purity Based on Mean 3.825 3 44 016
Based on Median 1.064 3 44 374
Based on Median 1.064 3 11.610 402
and with adjusted df
Based on trimmed  2.039 3 44 122
mean
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Appendix VII:
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Figure 2. (A) Box plot for purity ratio (260/280) of the four compared different groups: - spiked samples
extracted manually (S.M), spiked samples extracted by QIAcube (S.Q), non-spiked samples extracted
manually (N.M) and non-spiked samples extracted by QIAcube (N.Q). Each box has a black line in the
middle, which represents the median (not visible in S.Q and N.Q groups due to small range of results).
The upper limit of each box represents 3rd quartile, while the lower one represents the 1st quartile. The
space between them represents the interquartile range (IQR), which appears in blue (not visible in S.Q
and N.Q groups). The black tails (whiskers) above and below ach box represent the highest and lowest
values, without consideration of outliers (not visible in S.Q and N.Q groups). Outliers are any points
beyond the limit edge of each box and identified as more than 1.5 IQR away from the edge of the box if it
has a red circle, while more than 3.0 IQR away from the edge of the box if it is represented by green
triangle. Note that in each group, sample size is 12 (n = 12). (B) Box plot after removal of outlier seven,
eight, 28 and 39.

55



Appendix VIII:

Table 6. Spiked and non-spiked samples used for Quality Quantity (QC) - analysis. 1 x 10>1M and 1 x 105-2
M are manually extracted samples number one and two respectively with 105 as copy numbers. 1 x 106-1M
and 1 x 1062 M are manually extracted samples number one and two respectively with 106 as copy
numbers. 1 x 1051 Q and 1 x 1052 Q are QIAcube extracted samples number one and two respectively with
105 as copy numbers, while 1 x 106-1Q and 1 x 106-2Q are QIAcube extracted samples number one and two
respectively with 106 copy number. NS 7M, NS 8M, NS 9M, NS 10M, NS 11M and NS 12M are non-spiked
manually extracted samples number seven, eight, nine, 10, 11 and 12 respectively. NS 7Q is non-spiked
QIAcube extracted sample number seven.

Spiked Spiked Non-spiked Non-spiked
Samples (Manually Samples (Extracted samples (Manually samples (Extracted
extracted) by QIAcube) extracted) by QIAcube)
1x1051M 1x1051Q NS 7M NS 7Q
1x1052M 1x1052Q NS 8M
1x1061M 1x1061Q NS 9M
1x1062M 1x1062Q NS 10M

NS 11M

NS 12M
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Appendix IX:
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Figure 3. (A) Standard curve for the serial dilution with synthetic miR-223 that range from 1x10° to
1x1012 copies/pul with the each blue square representing single dilution level.Standard curve is being
shown along with eight spiked samples plotted. Spiked samples are appearing in the curve with each one
represented by a different shape as displayed in the right corner of the figure. Only spiked samples were
plotted against the standard curve in order to avoid crowdedness.105 - 1M = spiked manually extracted
sample 1, 105 - 2M = spiked manually extracted sample 2, 105 - 1Q = spiked QIAcube extracted sample 1,
105 - 2Q = spiked QIAcube extracted sample 2, 106 - 1M = spiked manually extracted sample 1, 106 - 2M =
spiked manually extracted sample 2, 106 - 1Q = spiked QIAcube extracted sample 1 and 106 - 2Q = spiked
QIAcube extracted sample 2. R2 represents correlation coefficient.
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Appendix X:
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(C)
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Figure 4. Melt curves of (A) six non-spiked samples, three manually extracted ( sample number seven,
eight and nine) and another three extracted by QIAcube (sample number seven, eight and nine).(B) Six
non-spiked samples , three manually extracted ( sample number 10, 11 and 12) and another three
extracted by QIAcube (sample number 10,11 and 12).(C) Four spiked plasma samples with synthetic miR-
223 represented by 1 x 1051 Q (QIAcube extracted sample one with 10° copy number), 1 x 1052 Q
(QIAcube extracted sample two with 105 copy number), 1 x 1061 Q (QIAcube extracted sample one with
106 copy number) and 1 x 1062Q (QIAcube extracted sample two with 10¢ copy number) copies/ul.(D)
Four spiked plasma samples with 1 x 105-1M (Manually extracted sample one with 105> copy number), 1 x
10 5-2M (Manually extracted sample two with 105 copy number), 1 x 106-1 M (Manually extracted sample
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one with 106 copy number) and 1 x 1062 M (Manually extracted sample two with 106 copy number)
copies/ul, with 60°C set as melting temperature for all reactions. Note that NTC and minus RT showed no
peaking among samples.
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Appendix XI:
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Figure 5.Amplification plot analysis for (A) standard curve of serial dilutions for synthetic miR-223 with
105 to 1012 copy number, (B) spiked samples with 105 and 106 copy number, (C) non-spiked samples,
manually extracted (number seven, eight and nine) and via QIAcube (number seven), and (D) non-spiked

sample, manually extracted(number 10,11 and 12).
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Appendix XlI: Hands-on and Turn-around times

Table A. Hands-on time for a single spiked and non-spiked sample, extracted manually for each step in the
protocol, except for thawing as it was described separately.

Step Activity Time required, spiked Time  required, non-spiked
(Minute(s).fraction of (Minute(s).fraction of minute)
minute)

Step 3 Pipetting 0.75 0.50

Step 4 Spiking 0.50 -

Step 4 Vortexing 0.50 -

Step5 Pipetting 0.50 0.33

Step5 Vortexing 0.75 0.33

Step 7 Pipetting 1.50 1.67

Step 8 Handling 1.75 0.83

Step 9 Handling 1.25 0.67

Step 10 Handling 1.25 0.67

Step 11 Handling 1.25 0.5

Step 12 Handling 2 1

Step 13 Handling 2.75 0.67

Total time 14.75 7.17

Table B. Hands-on time for a single spiked and non-spiked sample, extracted by QIAcube for each step in
the protocol, except for thawing as it was described separately.

Step Activity Time required, spiked Time required,non-spiked
(Minute(s).fraction of minute) (Minute(s).fraction of
minute)
Step 3 Pipetting 0.75 0.50
Step 4 Spiking sample 0.50 -
Step 4 Vortexing 0.33 -
Step 5 Pipetting 0.66 0.66
Step 5 Vortexing 0.33 0.33
Step 7 Pipetting 0.66 0.50
- Loading sample into 1.66 1.80
QIAcube
Total 4.89 3.79
time

Table C. Turn-around time for manual and QIAcube way of extraction for two samples at a time, with
samples either being spiked or not.

Method and spiking

Turn-around

times(Minutes)
Manual, Spiked 48
Manual, Non-spiked 45
QIAcube, Spiked 22%
QIAcube,Non-spiked 20*

*The machine does not run less than two samples at a time.
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