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Abstract 
 
Sepsis, defined by organ dysfunction caused by an adverse immune response of the host to an 
infection, comes with considerable cost in human lives and as a substantial burden financially. 
Significant upgrades have been made over the past two decades when diagnosing and treating sepsis 
but still with room for improvements. Early detection is a cornerstone in the fight against sepsis, and 
the focus on strengthening diagnostics is in the forefront of modern research. The implementation of 
biomarkers may be the path of progression in this objective. This study aimed at establishing 
procedural foundations when using microRNAs as potential biomarkers. The study conducted looked 
at: (1) Isolation procedure, of microRNA from human plasma, of three kits: Total RNA Purification Kit 
(Norgen Biotech), miRNAeasy Serum/Plasma Kit (Qiagen), and miRNeasy Serum/Plasma Advanced Kit 
(Qiagen). (2) Amplification of miRNA through two Reverse Transcription Quantitative PCR methods: 
Two-tailed RT-qPCR (TATAA Biocenter), and miRCURY LNA miRNA PCR (Qiagen). (3) Developing a 
normalization strategy by identifying miRNA reference targets in a geNorm pilot experiment. Qubit 
analysis revealed that the two isolation kits from Qiagen performed similar, and better that the Norgen 
kit. The Two-tailed RT-qPCR failed to amplify miRNA samples, whereas the miRCURY LNA miRNA PCR 
showed consistent amplification across samples with a high call rate. The geNorm analysis concluded 
that hsa-miR-425-5p and hsa-miR-93-5p was the optimal reference target set. The study demonstrated 
that the isolation kits from Qiagen coupled with the miRCURY LNA miRNA PCR is a viable option for 
future miRNA biomarker studies. 
  



Popular scientific summary 
 

Sepsis, once known as septicemia or blood poisoning, is a disease state most commonly initiated by a 
bacterial infection but may also be caused by certain types of fungi, viruses, or bacterial toxins. 
Contrary to what the old terminology of “blood poisoning” may infer, sepsis is not defined by the 
infection itself, but rather to the extreme fashion in which an individual’s own immune system can 
react when faced with an infection which leads to organ dysfunction and eventually organ failure. The 
treatment regimen for sepsis, broadly speaking, usually involves giving the patient intravenous fluids 
and supplemental oxygen to prevent the organ dysfunction, and broad-spectrum antibiotics to deal 
with the infection. However, the progression of sepsis is so rapid that even when treatment is 
implemented the risk of death is still substantial, and the earlier treatment can be invoked, the greater 
chance the patient has of surviving. A crucial factor for immediate treatment is early recognition of 
sepsis. This is why a lot of weight has been placed upon developing tools that will help improve the 
speed and accuracy of a sepsis diagnosis. Currently, doctors and healthcare professionals take a wide 
range of symptoms and biomarkers, along with patient history, into account when assessing a 
suspected case of sepsis. Symptoms, those ailments described by the patient, associated with sepsis 
can be chills, fever, shortness of breath, nausea, stomach pain, and feelings of dizziness. Biomarkers, 
short for biological markers, are a wide range of measurable medical signs that can be used to indicate 
a healthy state, a diseased state, or a pharmacological response to a drug. These include elevated 
levels of white blood cells and/or lactic acid, both of which are indicators of infection, increased levels 
of C-reactive protein, which is produced in the body during inflammation, along with several others. 
 

The search for new biomarkers is at the forefront when it comes to diagnostics of disease. Within the 
field of sepsis, biomarkers of interest include a wide range of proteins and nucleic acids which may 
exhibit an uptick or downtick in its expression in relation to a septic state. One type of RNA, known as 
microRNA, is of particular interest as it relates to biomarkers. MicroRNA are small non-coding RNAs 
found all throughout the body and are mainly involved in the regulation of gene expression, and the 
levels at which certain microRNAs are expressed in the body change in response to different disease 
states. Research into finding microRNAs where expression is altered in response to sepsis is currently 
ongoing at the University of Skövde and a set of potential biomarker candidates have already been 
selected. In order to determine whether or not these candidates demonstrate changes in expression 
between a healthy state and a septic state, they need to be measure against miRNAs that are expressed 
at constant levels across the two states. This is known as a normalization strategy and it is an essential 
part in the analysis process of biomarker miRNAs in order to make sure that any changes seen are due 
to sepsis and not in response to other variables. It is unlikely that a single biomarker exists that would 
be able to confidently conclude that a patient is septic. Instead, the research aims to develop 
combination schemes of new biomarkers along with traditional biomarkers, such as blood pressure, 
into what is known as multiplexed point-of-care testing (xPOCT). An xPOCT system involve a high-
performing device that can execute a multitude of on-site measurements of varying substances 
derived from a single sample. The primary goal is to equip healthcare professionals in a clinical setting 
with an xPOCT system, both in the developed world and in the developing world. The development 
and implementation of xPOCT systems means improvements in patient outcomes. It will also generate 
a positive impact on medical costs associated with sepsis and sepsis care. An individual stricken with 
sepsis requires a great deal of medical intervention and time to recover. Both of these factors are 
substantially exacerbated in conjunction with the disease progression, which reiterates the point that 
early detection is essential when combating both the human cost and financial cost associated with 
sepsis. A final, and a currently pressing, concern which would be partly addressed from the 
improvement of sepsis diagnosis is the overuse of antibiotics. As it stands today, doctors and patients 
cannot afford to wait for positive confirmation of a bacterial infection before commencing treatment. 
Consequently, a broad-spectrum antibiotic is generally prescribed immediately when sepsis appears 
to be the most probable culprit. This inevitably leads to cases in which antibiotics are employed 
unnecessarily. This is a scenario which could be largely eliminated if faster and more accurate methods 
for sepsis detection was readily available to healthcare professionals everywhere. 
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Introduction 
 

Sepsis is an acute and life-threatening medical condition defined by organ dysfunction caused by an 
adverse immune response of the host to an infection. In turn, septic shock is a subset of sepsis defined 
by circulatory and cellular/metabolic abnormalities severe enough to cause a significant increase in 
mortality [1]. Sepsis impacts approximately 20-30 million individuals every year around the world and 
kills somewhere between 19-29 % of those affected [2, 3]. Sweden has an estimated 40 thousand cases 
every year which carries a death rate of around 20 %, positioning the country at the lower end of the 
worldwide estimated range, but still generates a significant burden in both human lives and hospital 
costs [4]. The ability to treat and manage sepsis has been steadily improving over the past couple of 
decades. This was in great part thanks to the introduction of protocol-based care through The Early 
Goal-Directed Therapy (EGDT) study published in 2001 [5], along with the first Surviving Sepsis 
Campaign (SSC) held in 2002 [6]. These events were vitally important and laid the foundation for the 
modern approach to sepsis management. Current research demonstrates that the most important 
aspects of sepsis therapy are early detection, rapid fluid hydration, and a prompt initiation of 
antibiotics under vigorous patient supervision [7, 8]. 
 

The initiating cause of sepsis is a microbial infection by either bacteria, fungi, or viruses. Bacteria are 
the most common assailants, however, in many cases doctors are unable to determine the origin of 
the infection. Typical symptoms presented during sepsis are fever, chills, rapid breathing, increased 
heart rate, rash, disorientation, and confusion [9]. Since these symptoms are fairly common among a 
wide range of different medical conditions, such as blood loss, myocardial infarction, or pulmonary 
embolism, it is difficult to diagnose a case of sepsis based on these indicators alone [10, 11, 12]. It is 
however vitally important to intervene as quickly as possible since the time between the early stages 
of sepsis and reaching the life-threatening state of septic shock is relatively short, in many cases just a 
matter of hours. The first line of treatment usually involves intravenous fluids, and supplemental 
oxygen to prevent blood pressure from dropping, and to protect vital organs [13]. Most important is 
an appropriate broad-spectrum antibiotic to deal with the infection which should be administered 
within the first hour of discovery, preferably within 30 minutes, since every hour that goes without 
effective antimicrobial treatment in the first six hours following initial symptoms, survival rates drop 
on average 7.6% [14]. 
 

The ability to diagnose sepsis in an efficient and long-term conscientious way is limited in many 
regards. Outside of the physical manifestations that a patient may present when admitted, doctors 
also take blood panels to assess the patients white blood cell count, perform blood cultures to 
substantiate the presence of bacteria or other pathogens, along with additional tests depending on 
how the patient is presenting and in accordance with the current gold standard of sepsis diagnosis 
established in The Third International Consensus Definitions for Sepsis and Septic Shock [1]. However, 
the result of an abnormal white blood cell count is far from a decisive indicator of sepsis because it is 
a symptom common enough to cast doubt, just as with the case of a high temperature or a rapid 
heartbeat. Currently, one of the stronger confirmation of sepsis is a positive result of an infectious 
agent obtained from a blood culture. Waiting for the results of a blood culture is unfortunately not a 
tactic that is easy to employ because of the time it takes to receive that confirmation. In most cases, 
doctors have to take the “better safe than sorry”-approach when prescribing antibiotics in order to 
significantly improve the survival-chances of the patient. A practice that most often benefits the 
patient but may have long-term negative effects on microbial resistance to antibiotics [15, 16]. 
 

Hospitalization costs are another substantial issue surrounding sepsis. In today's clinical setting, sepsis-
care is very expensive compared to other common ailments that require a hospital bed in the intensive 
care unit. According to estimates done by the Healthcare Cost and Utilization Project (HCUP) among 
hospitals in the United States, in 2013 sepsis was the most expensive inpatient hospital cost accounting 
for $23.7 billion (6.2% of the cost for all hospitalizations), followed by osteoarthritis ($16.5 billion, or 
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4.3% of the cost for all hospitalizations). Two conditions that are extremely common; acute myocardial 
infarction ($12.1 billion, 3.2%) and congestive heart failure ($10.2 billion, 2.7%), landed at spot number 
five and six, respectively. The reason for the high costs that accumulate from sepsis is due to longer 
than average stays in intensive care with intricate therapies that carry a hefty price tag. The 
readmission rates for patients with sepsis are also two to three times higher compared to that of other 
common conditions, such as heart failure [17, 18]. A study published in Critical Care Medicine, 
December of 2018, looked at the epidemiology and costs associated with sepsis, in the United States, 
relative to timing of diagnosis and severity of sepsis. The study showed that the mortality levels for 
early stage sepsis (5.6%), severe sepsis (14.9%), and septic shock (34.2%) corresponded to an increase 
in the average cost per case based on severity level; $16,324, $24,638, and $38,298, respectively [19]. 
This indicates that advances in early detection and treatment of patients in the beginning stages of the 
disease could potentially reduce both costs and mortality associated with sepsis. 
 

The impact of sepsis has lead researchers and healthcare professionals down a number of different 
paths with the objective of improving the diagnostic and treatment capabilities for sepsis. Substantial 
efforts have been dedicated towards early detection methods since time expired before intervention 
is at the top of the list when addressing the issues mentioned previously (patient outcome, hospital 
cost, and antibiotic use). One of these early detection methods involves the use of biomarkers. 
 

A biomarker represents any feature within the human body that can be measured and assessed as an 
indicator of a physiological process, a pathological process, or a pharmacological response to a drug 
[20]. A few examples of traditional biomarkers are blood pressure, heart rate, body temperature, and 
blood glucose levels. Today, in the world of research and molecular biology, the term biomarker most 
often refers to a molecular biomarker, which include changes on a DNA, RNA, metabolite, or protein 
level. A well-studied biomarker in the area of infectious disease is C-reactive protein (CRP), levels of 
which are elevated during inflammation making it a good subject for study in relation to sepsis. 
Infection is, however, not the only state of inflammation where CRP increases. Burns, trauma, and 
pancreatitis are just a few examples where CRP levels spike. Over a 100 biomarkers have been 
proposed and clinically evaluated as it relates to sepsis. These include cytokines, receptors, cell surface 
molecules, coagulation factors, along with several others. None of these have exhibited a 100% 
specificity for sepsis by themselves, and it is unlikely that a single biomarker exists that would be able 
to confidently conclude that a patient is septic on its own [20, 21]. 
 

A strategy to increase the specificity of many of these biomarkers, along with future ones, is to 
congregate them to serve in unison in what is known as multiplexed point-of-care testing (xPOCT). 
Multiplexing involves the simultaneous detection of multiple analytes obtained from a patient, 
enabling a rapid, cost-efficient, and dependable quantification. This is especially important in a clinical 
setting and point-of-care (POC) diagnostics where prompt decisions have to be made regarding 
treatment, such as with a case of sepsis. For a diagnostic device or protocol to be applicable in xPOCT 
scenarios it must meet the standards of certain requirements; (1) low sample consumption, such as a 
small blood sample, along with a high amount of relevant information; (2) easy and automated system 
analysis with low demand of user intervention; (3) fast turnaround time, 10 minutes to 2 hours; (4) 
accurate and quantitative results; (5) prolonged shelf-life; (6) low-cost and portable read-out devices 
[22]. 
 

Previous research conducted by Dr. Anna-Karin Pernestig and fellow research members in the School 
of Bioscience and the Systems Biology Research Center at the University of Skövde, in collaboration 
with Unilabs AB and the Department of Infectious Disease at Skaraborg Hospital in Skövde (SkaS), has 
been focused on the combination approach of implementing biomarkers in order to develop new 
diagnostic strategies for sepsis [23]. Current investigations build upon previous research focused on 
the development of multiplex panels composed of several different biomarkers (5-15 biomarkers) in 
order to construct a diagnostic tool that meets the requirements of an xPOCT device. The multiplex 
panels consist of biomarkers in the form of either inflammatory proteins along with SkaS routine 
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biomarkers – CRP, lactate, respiratory rate, body temperature, heart rate, neutrophil-lymphocyte 
ratio, procalcitonin, and white blood cell count – or circulating microRNA along with SkaS routine 
biomarkers. The latter being the relevant combination in this research project. 
 

MicroRNAs (miRNA) are a family of small (~22 nucleotides), evolutionary conserved, non-coding RNAs 
that function as posttranscriptional regulators of gene expression in practically all organisms. They are 
involved in a number of different cellular biological processes including proliferation, differentiation, 
and tumorigenesis. The mechanisms of miRNA are commonly described as negative regulation where 
the miRNA implements its regulatory effect by pairing to a complementary sequence within a protein-
coding messenger RNA (mRNA) transcript and in turn either simply block translation, or more 
commonly, promote degradation of the mRNA [24]. The expression pattern of various miRNAs differs 
from one another depending on where in the body the miRNA is expressed, and that comes as a result 
of miRNA being tissue specific. This characteristic also holds true of the same miRNA molecule as well, 
which can have multiple target sites. Depending on the location of interaction, expression patterns will 
be unique within a specific tissue. This feature provides miRNA with great medical utility as a biomarker 
for different diseases. Besides its useful expression in different tissues, miRNA also exhibit a stable 
presence in bodily fluids, such as saliva, blood, feces, and urine. The prospect of utilizing these 
extracellular miRNA as biomarkers in various forms of disease is rapidly growing. A wealth of research 
has gone into studying the correlations between miRNA signatures in blood and a number of human 
pathologies, including cancer, cardiovascular disease, infectious disease, inflammatory disease, along 
with many other types of disease [25]. Circulating miRNAs are promising candidates since they seem 
to be protected against endogenous RNase activity making them highly stable, they demonstrate 
specificity to certain pathological and physiological ailments, along with relatively non-invasive 
procedures necessary for analysis that can accurately be measured with a high degree of sensitivity 
[25, 26]. 
 

RT-qPCR is a highly efficient approach to quantify circulating miRNA, especially when working with low 
amounts of miRNA, which is the case when working with plasma [27]. The technique consists of two 
principal parts: First, the synthesis of complementary DNA (cDNA) from the targeted miRNA through 
reverse transcription. The cDNA then continues on to the second part where it is employed as the 
template in qPCR portion of the procedure [28]. RT-qPCR can be conducted in either a one-step or a 
two-step assay. In a one-step assay, both parts of the procedure are combined into a single test-tube, 
applying reverse transcriptase along with DNA polymerase. The two-step assay instead assigns 
individual test-tubes, one for the RT-reaction and another for the qPCR. There are pros and cons to 
both techniques depending on the intended application: The one-step version is easier to set up and 
is also less time consuming, making it a suitable option for high-throughput screening. Things to 
consider before employing the one-step version is that is generally less sensitive than the two-step 
version and does not allow for optimization. The two-step technique does, on the other hand allow for 
optimization since different buffers and reaction conditions can be implemented since cDNA synthesis 
and the PCR are individually executed. The two-step version is also more sensitive and thus a 
preferable option for when the starting amount of RNA is low. Considerations when using the two-
step version are the greater time required, and the increased risk of contamination since it involves 
additional pipetting steps and more test tubes in the process [29, 30].  
 
Normalization of RT-qPCR data is vital for obtaining accurate miRNA expression levels, and this can be 
accomplished with the help of reference genes, or more accurately in this case, reference miRNAs. A 
reference miRNA should ideally demonstrate stable expression in the cell, tissue, or biofluid of interest 
regardless of experimental conditions or between a healthy vs. a diseased state. These reference 
miRNA can be identified with the help of GeNorm; a software/algorithm designed to detect and rank 
the most stable reference miRNA from a subset of candidate reference miRNA within a specific miRNA 
panel [31, 32]. The original geNorm version was introduced as a Microsoft Excel addon back in 2002. 
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Since 2010, a new and improved version of geNorm is available in the qPCR analysis software qbase+ 
[33].  
 

Aim 
 

The ongoing research into miRNA as potential biomarkers in sepsis diagnosis is a developing field in its 
early stages. The study at hand was focused of establishing a procedural foundation for future research 
into biomarker-miRNA as it relates to sepsis. The initiating part of the study dealt with isolation of 
blood-borne circulating miRNA by evaluating three different kits to determine which method yielded 
the greatest amount of miRNA from 100 μl of human plasma: Total RNA Purification Kit (Norgen 
Biotech), miRNAeasy Serum/Plasma Kit (Qiagen), and miRNeasy Serum/Plasma Advanced Kit (Qiagen). 
The second part assessed the amplification capacity of miRNA derived from human plasma by two 
different Reverse Transcription Quantitative PCR (RT-qPCR) methods: Two-tailed RT-qPCR (TATAA 
Biocenter), miRCURY LNA miRNA PCR (Qiagen). The last part of the study focused on the development 
of a normalization strategy for the use of circulating miRNA by identifying potential miRNA reference 
targets that demonstrates a high degree of stability, in both healthy individuals and patients afflicted 
with sepsis, through a geNorm pilot experiment.  
 

Material and methods 
 

Study Design 
 

The study utilized human plasma derived from 45 blood samples (5 ml each) of healthy donors 
acquired from a biobank assembled by the personnel at Unilabs AB, at SkaS. The plasma was produced 
at Unilabs AB and delivered to the University of Skövde.  
 

The study consisted of three parts: (1) Isolation of miRNA from plasma of healthy donors using three 
different kits – Total RNA Purification Kit (Norgen), miRNeasy Serum/Plasma Kit (Qiagen), and 
miRNeasy Serum/Plasma Advanced Kit (Qiagen). (2) RT-qPCR of targeted miRNAs by utilizing two 
different RT-qPCR methods – Two-tailed RT-qPCR (TATAA Biocenter), and miRCURY LNA miRNA PCR 
(Qiagen). (3) A geNorm pilot experiment identifying reference-miRNA targets. The geNorm pilot study 
was only applied to the miRCURY LNA miRNA PCR experiments performed.  
 

MicroRNA isolation 
 

Plasma – 45 samples in total – was stored at -80°C before use and was thawed by being placed on ice 
for 15 minutes followed by 15 minutes on workbench at room temperature. Each isolation procedure 
utilized 100 μl of plasma. 
 

Norgen Total RNA Purification Kit: The isolation procedure was executed in accordance with the 
manufacturer's protocol in which the optional step of adding MS2 RNA was excluded, and the optional 
step of DNase I treatment was included. Each sample was prepared with 1 µl of the Two-tailed RT-
qPCR spike-in mixture – cel-miR-54 (1×107 copies/µl), miR-Spike-A (2×105 copies/µl), and miR-Spike-
B (4×103 copies/µl) – which was mixed in with the Buffer RL before it was added to the plasma (step 
1.b of the protocol). Each sample was eluted twice into individual elution tubes yielding two final 
eluates of 50 µl each. Of each eluate, 40 µl was allocated for the Two-tailed RT-qPCR procedure, and 
10 µl was allocated for quality and concentration analysis. 
 
Qiagen miRNeasy Serum/Plasma Kit:  Executed in accordance with the accompanied protocol from 
the manufacturer. Each sample was prepared with 1 µl of the Two-tailed RT-qPCR spike-in mixture – 
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cel-miR-54 (1×107 copies/µl), miR-Spike-A (2×105 copies/µl), and miR-Spike-B (4×103 copies/µl) – 
which was mixed in with the QIAzol Lysis Reagent before it was added to the plasma (ahead of step 2 
in the protocol). The final elution volume of each processed plasma sample was 14 µl; 10 µl was 
allocated for the Two-tailed RT-qPCR procedure, and 4 µl was allocated for quality and concentration 
analysis. 
 

Qiagen miRNeasy Serum/Plasma Advanced Kit: Executed in accordance with the accompanied 
protocol from the manufacturer. Each sample was prepared with 1 µl of the miRCURY LNA miRNA PCR 
spike-in mixture – Unisp2, UniSp4, and UniSp5 – which was mixed in with the Buffer RPL before it was 
added to the plasma (ahead of step 3 in the protocol). The kit assumes a minimum starting plasma 
volume of 200 µl. Due to limited plasma resources and in order to keep the evaluation as consistent 
as possible, a 100 µl was employed here as well. This had a minor implication down the line of the 
isolation process. In step 7 of the protocol, the supernatant generated from the centrifugation in step 
6 needs to be transferred into a new microcentrifuge tube. According to the protocol, the volume of 
the supernatant would be approximately 230 µl if the starting plasma volume was 200 µl. In this case, 
since a 100 µl of plasma was used at the start, a safe volume of the supernatant to be extracted was 
found to be 150 µl. The final elution volume of each processed plasma sample was 20 µl; 16 µl was 
allocated for the miRCURY LNA miRNA PCR procedure, and 4 µl was allocated for quality and 
concentration analysis. 
 

Quality and concentration analysis 
 

A quality and concentration analysis of each sample was performed using a NanoDrop nd-1000 
spectrophotometer (Thermo Scientific) testing RNA purity, and the Qubit microRNA Assay Kit along 
with a Qubit 3.0 fluorometer (Life Technologies) to measure miRNA concentration. 
 

RT-qPCR 
 

First-strand cDNA synthesis using Two-tailed RT-qPCR with quality control panel: In the RT portion of 
the Two-tailed RT-qPCR method, samples isolated using Total RNA Purification Kit and miRNeasy 
Serum/Plasma Kit were used. Each eluate produced with the Total RNA Purification Kit had an allocated 
volume of 40 µl which was concentrated down to 10 µl through vacuumed centrifugation at 20°C for 
10-15 minutes with regular inspections of volume reduction. The RT reaction was multiplexed with a 
pool of 11 different Two-tailed RT primers at a concentration of 1 µM each. The primer pool 
corresponded to: Three isolation spike-in mRNAs – cel-miR-54-3p, miR-spike-A, and miR-spike-B – to 
serve as control for the performance of the miRNA isolation protocol. Two RT spike-in miRNAs – cel-
miR-76-3p and cel-miR-2-3p – to serve as control for the performance of the RT procedure. Three 
endogenous controls – miR-let-7a-5p, miR-23a-3p, and miR-451-5p – miR-let-7a-5p is abundant in 
plasma and functions as a positive control, miR-23a-3p and miR-451-5p are used to indicate the 
presence of hemolysis, where miR-23a-3p is stably expressed independent of hemolysis and miR-451-
5p is plentiful in erythrocytes which leads to increased levels upon hemolysis. The ΔCq (miR-23a-3p - 
miR-451-5p) indicates the degree of hemolysis in a sample. The final three miRNAs – miR-let-7b-5p, 
miR-210-5p, and miR-16-5p – were targets of interest with the potential to serve as reference miRNA 
for a normalization strategy when analyzing sepsis biomarker-miRNA. 
 
For the RT reactions, the GrandScript cDNA FreePrime Kit (TATAA Biocenter) was used with a total 
reaction volume of 10 µl, which contained; 5 µl of template miRNA (sample miRNA), 2 ul of TATAA 
GrandScript FreePrime Reaction Mix, 0.5 µl of TATAA GrandScript RT enzyme, 1 ul of GSP Enhancer, 
0.5 µl of Two-tailed Loop Primer (TATAA Biocenter), and 1 µl of RT Spike-in Mix. The RT spike-in mixture 
was composed of cel-miR-76 (1×107 copies/µl) and cel-miR-2 (2×105 copies/µl). The RT reaction was 
executed in duplicates using a 96-well plate in a CFX 1000 thermocycler (Bio-Rad) for 45 minutes at 
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42°C, 5 minutes at 85°C, and finally held at 4°C. After incubation the cDNA was diluted by adding 70 µl 
of nuclease-free water to each reaction and immediately proceeded to the qPCR. 
 

Quantitative PCR using the Two-tailed RT-qPCR method: The qPCR utilized a total reaction volume of 
10 µl using the kit SYBR® GenMaster Mix (TATAA Biocenter). The reaction mixture contained; 5 µl of 
2X SYBR GenMaster Mix (TATAA Biocenter) which utilizes a Hot-start Taq DNA polymerase, 2 µl of the 
diluted template cDNA, 0.4 µl of forward and reverse primers (final concentration 0.4 µM) (Appendix 
3), and 2.6 µl of nuclease-free water. The qPCR was performed running duplicates of the RT reaction 
set-up using 384-well plates in a CFX 384 Real Time Detection System (Bio-Rad) at 95°C for 30 seconds 
to activate the Hot-start DNA polymerase, followed by 40 cycles of 95°C for 5 seconds, 60°C for 15 
seconds, and 72°C for 10 seconds. 
 

qPCR data analysis of Two-tailed RT-qPCR method: Ct-values and amplification plots were inspected 
using CFX Manager 3.1 (Bio-Rad). No further analysis was done due to failure in amplification of the 11 
miRNA assays. 
 

First-strand cDNA synthesis using miRCURY LNA Reverse Transcription: For cDNA synthesis, the 
miRCURY LNA RT Kit (QIAGEN) was implemented, to which miRNA samples isolated using the miRNeasy 
Serum/Plasma Kit and the miRNeasy Serum/Plasma Advanced Kit. To the RT reaction mixture (available 
in the miRCURY LNA miRNA PCR Exosomes, Serum/Plasma and Other Biofluid Samples Handbook), RT 
spike-in miRNAs were added; UniSp6 (component of the miRCURY LNA RT Kit) and cel-miR-39-3p 
(component of the RNA Spike-in Kit for RT). The preparation and use of the spike-in mixture is 
described in the protocol attached to the RT Spike-in Kit for RT (Qiagen). An optimization of the amount 
of input miRNA for the reverse transcription was performed by running one individual sample at three 
different volumes based on the manufacture’s protocol recommendations. The optimal input volume 
going forward was chosen based on lowest over-all Cq values of the targeted miRNAs of the focus 
panel. That volume was then implemented for cDNA synthesis of the remaining 12 samples involved 
in this part of the study. All facets of the procedure were performed in accordance with the 
manufacturer’s protocol. 
 

Quantitative PCR using miRCURY LNA Serum/Plasma Focus PCR Panels: The three samples produced 
from the RT reaction – QPold-24.1 (1.6 µl) QPold-24.2 (3.2 µl), and QPold-24.3 (4.8 µl) – were prepared 
with the miRCURY SYBR Green PCR Kit (Qiagen) and applied to individual miRCURY LNA miRNA 
Serum/Plasma Focus PCR Panels (Qiagen), which consisted of two 96-wells plates per panel, containing 
179 individual miRNA assays (Appendix 5). The procedure was executed following the manufacturer’s 
protocol using the 7300 Real-Time PCR System (Applied Biosystems) with a high concentration of ROX 
Reference Dye (20x concentrate) as dictated in the protocol. After determining the optimum in-put 
volume for the RT reaction, the remaining 12 samples involved in this portion of the study were 
processed in the same fashion but at a single, unified sample in-put volume of miRNA. 
 

qPCR data analysis of miRCURY LNA Serum/Plasma Focus PCR Panels: Cq values were obtained using 
7300 System SDS v1.3.1 (Applied Biosystems). The initial analysis of each qPCR run was conducted in 
the GeneGlobe Data Analysis Center, an online resource offered by Qiagen for analysis of qPCR and 
NGS data. In this case, GeneGlobe was utilized for call rate, hemolysis test, analysis of the internal 
amplification controls, to calibrate the raw Cq data for plate-to-plate variations through the 
implementation of interplate calibration controls (UniSP3 IPC) [34], and setting Cq cut-off values 
between ≥ 5 and < 37 [35]. The processed Cq data from the GeneGlobe analysis was imported into 
qbase+ and normalized using the global mean method. The results of the normalization were then 
exported from qbase+, in log scale format, into Microsoft Excel. In Excel, the standard deviation of 
each miRNA on the panel was calculated. Based on these standard deviation calculations, miRNA 
candidates to be used in a normalization strategy for sepsis biomarker-miRNA analysis was selected in 
accordance with the following requirements: (1) The miRNA was expressed in all samples. (2) The 
lowest standard deviation. (3) None of the miRNA candidates belong to the same miR family. (4) Select 
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at least five candidates. Seven selected candidates along with seven Qiagen recommended reference 
miRNAs were then used in a geNorm pilot study (global mean method applied previously was removed 
before executing the geNorm analysis). The selection process of the miRNA candidates was based on 
a blog post entry by Dr. Jo Vandesompele available on qbaseplus.com [36], the geNorm analysis was 
executed in qbase+, which utilizes an updated version of geNorm, in accordance with the qbase+ 
manual, and the qbase+ manual-recommended article on the method by Hellemans [37]. 
 

Results 
 

MicroRNA isolation and QC-analysis 
 

A QC-analysis of the three kits – Total RNA Purification Kit, miRNeasy Serum/Plasma Kit, and miRNeasy 
Serum/Plasma Advanced Kit – was performed using Qubit to analyze miRNA concentrations and 
NanoDrop to analyze RNA sample purity based on the 260/280 absorbance ratio.   
 

Total RNA Purification Kit: 14 plasma samples (Appendix 1) were processed using the Total RNA 
Purification Kit, in which each sample was eluted twice resulting in 28 eluates (miRNA samples) in total. 
The Qubit recommended sample volume is set between 1 μl to 10 μl. Based on data acquired through 
a pilot run, of 3 sample processed independently of the samples in the study, for the Qubit analysis, 
using different amount of sample volume – (1) 2 μl sample to 198 μl working solution, (2) 5 μl sample 
to 195 μl working solution, and (3) 7 μl sample to 193 μl working solution – it was determined that a 
working solution of 5 μl sample to 195 μl working solution (Qubit microRNA Reagent in Qubit microRNA 
Buffer in a 1:200 ratio) was a suitable mixture that contained enough miRNA to produce a reading. This 
sample to working solution ratio was applied to the first set of samples to be analyzed NPold-2 – NPold-
7 (Appendix 1), and samples NPold-8 – NPold-27 (Appendix 1) were switched to 6 μl sample and 194 
μl working solution to induce miRNA detection. Out of the 28 eluates, 6 contained a detectable amount 
of miRNA when analyzed with Qubit. The remainder of the eluates were found to be “out of range” 
according to the Qubit equipment. The mean concentration yield based on the 6 detectable samples 
was 0.133 ng/µl, with a standard deviation (SD) of ±0.063. The average 260/280 absorbance ratio was 
1.55, with a SD of ±0.92 (Table 1).     
 

miRNeasy Serum/Plasma Kit: 31 plasma samples (Appendix 2) were processed using the miRNeasy 
Serum/Plasma Kit. In the kit-accompanied protocol; step 8 involves the transfer of the upper aqueous 
phase from the interphase and the lower organic phase which forms during centrifugation in step 7. 
The protocol estimates that the volume of the aqueous phase should approximately be 300 µl if the 
starting plasma volume was 100 µl. In this case, it was consistently possible to extract a total of 320 µl 
by pipetting 160 µl twice in a slow and controlled manner so not to disturb the interphase and bottom 
organic phase which are rather unstable and easily dislodged from the suction of the pipette. The mean 
concentration yield based on 22 detectable samples was 0.442 ng/µl, with a standard deviation (SD) 
of ±0.329. The average 260/280 absorbance ratio was 1.47, with a SD of ±0.11 (Table 1). 
 

miRNeasy Serum/Plasma Advanced Kit: 12 plasma samples (Appendix 3) were processed using the 
miRNeasy Serum/Plasma Advanced Kit. All 12 samples produced a Qubit reading, in which the mean 
concentration yield was 0.543 ng/µl, with a standard deviation (SD) of ±0.432. The average 260/280 
absorbance ratio was 1.08, with a SD of ±1.41 (Table 1).  
 
Table 1. miRNA concentrations and 260/280 absorbance ratio of total RNA samples from plasma of healthy 
donors. 

miRNA isolation method  
(number of samples) 

Mean miRNA 
concentration  
ng/µl (±1 SD) 

Mean 260/280 
absorbance ratio  
(±1 SD) 

Additional information 
of individual sample 
measurements 
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Total RNA Purification Kit (n=6) 0.133 (±0.063) 1.55 (±0.92) Appendix 1 

miRNeasy Serum/Plasma Kit (n=22) 0.442 (±0.329) 1.47 (±0.11) Appendix 2 

miRNeasy Serum/Plasma Adv. Kit (n=12) 0.543 (±0.432) 1.08 (±1.41) Appendix 3 

 

RT-qPCR 
 

The second part of the study involved the detection and amplification of miRNA isolated from plasma 
using the three different kits, but also start to look into the standardization of the processing steps to 
improve the reproducibility of miRNA analyses. The Two-tailed RT-qPCR (TATAA Biocenter) utilized for 
miRNA samples generated from the Total RNA Purification Kit and the miRNeasy Serum/Plasma Kit. 
The miRCURY LNA miRNA PCR (Qiagen) was performed with miRNA samples generated from the 
miRNeasy Serum/Plasma Advanced Kit. This was followed by a preliminary investigation into 
identifying stably expressed miRNAs which may be suitable to serve as reference miRNAs. 
 

Quantitative PCR using Two-tailed RT-qPCR: The Two-tailed RT-qPCR method was performed at 
TATAA Biocenter in Gothenburg. Due to technical difficulties, from a mix-up of the oligonucleotides 
used, amplification did not occur in the first attempt. During the second attempt, a total of 15 samples 
were prepared for analysis, six from the Total RNA Purification Kit and nine samples from the miRNeasy 
Serum/Plasma Kit. Amplification did occur this time. Unfortunately, during the preparation of the 
qPCR, the primers for two of reference miRNA candidates and two of the endogenous controls were 
missing from storage in the lab at TATAA Biocenter. Without these the analysis would be inadequate, 
but the decision was made to run the qPCR despite of this just to observe whether or not amplification 
was achievable. Amplification was in most cases either too low or non-existent. Two of the isolation 
spike-in miRNAs (cel-miR-54-3p and miR-Spike-A) displayed adequate amplification. The rest of had 
either low detection or the absence of amplification.  
 

Quantitative PCR using miRCURY LNA Serum/Plasma Focus PCR Panels: Three samples produced 
from the RT reaction with different – QPold-24.1 (1.6 µl) QPold-24.2 (3.2 µl), and QPold-24.3 (4.8 µl) – 
were implemented to establish the optimal miRNA in-put volume for the qPCR procedure. The three 
different volumes showed no significant difference when analyzing the Cq values of the Qiagen 
recommended reference-miRNAs (P > 0.05, single-factor Anova). A senior researcher in the lab, Dr. 
Sanja Jurcevic, performed the same analysis and determined that the highest in-put volume (4.8 µl) 
generated the lowest Cq values overall. The highest miRNA in-put volume was employed going 
forward.  8 miRNA samples, isolated using miRNeasy Serum/Plasma Advanced Kit (Appendix 3), were 
applied to the miRCURY LNA miRNA PCR.  
 
The hemolysis test (Figure 1), is a quality control feature included for serum/plasma samples in which 
GeneGlobe plots delta Cq (hsa-miR-23a-3p – hsa-miR-451) of each sample based on the processed 
data. Hemolyzed samples have a higher delta Cq value compared to non-hemolyzed samples do. The 
quality control criterion for the test was set at delta Cq < 7.  Samples measuring equal or above a delta 
Cq of 7 would be considered a hemolyzed sample and removed from the study. In this case, hemolysis 
did not appear to be present in any of the samples based on this test. 
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Figure 1. miRNA-based hemolysis test: Delta Cq (hsa-miR-23a-3p – hsa-miR-451) for each sample. A delta 
Cq score ≥ 7 indicates hemolysis.   
 

The internal amplification control (Figure 2) consisted of five miRNA spike-ins: UniSp2, UniSp4, UniSp5, 
cel-miR-39, and UniSp6. UniSp2, UniSp4, and UniSp5 constitute the isolation spike-in and showed no 
significant variation between samples (P > 0.05, Levene’s test). UniSp2 was added at a concentration 
100-fold higher than UniSp4, and UniSp4 was present at a concentration 100-fold higher than UniSp5. 
This should result in UniSp2 amplifying first, followed by UniSp4 approximately 6.6 cycles after, and 
UniSp5 approximately 6.6 cycles after that. In this case UniSp4 amplified, on average, 6.57 cycles after 
UniSp2, and UniSp5 amplified 6.63 cycles after UniSp4. The amplification of UniSp5 may sometimes be 
undetectable due to the low starting concentration. This occurred in sample QadvPold-45 where 
amplification occurred after the Cq cut-off. The RT spike-in controls – UniSp6 and cel-miR-39-3p – both 
displayed consistent Cq values across all samples (P > 0.05, Mann-Whitney test), with UniSp6 
amplifying, on average, 6.4 cycles before cel-miR-39-3p.; UniSp6 was present at a concentration 100-
fold higher than cel-miR-39-3p and should demonstrate a similar gap between amplification as the 
isolation spike-ins, of 6.6 cycles, did. 
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Figure 2. Cq values of spike-in controls based on processed Cq data. Slight Elevation of Cq values for UniSp2 
and UniSp4 in samples QadvPold-43 and 46, however not significant. UniSp5 did not amplify in sample 
QadvPold-45. 
 

The call rate plot (Figure 3), illustrates the percentage of miRNA assays of each sample that 
demonstrated amplification. The frequency of missing data of each sample was: QadvPold-42 = 3.13%, 
QadvPold-43 = 15.63%, QadvPold-44 = 5.21%, QadvPold-45 = 7.81%, QadvPold-46 = 14.06%, QadvPold-
47 = 3.65%, QadvPold-48 = 4.69%, QadvPold-99 = 5.21%. 
 

 
 

Figure 3. Call rate plot of the percentage of miRNA assays in each sample that either showed no 
amplification (blue), amplification above the Cq cut-off (orange), or amplification within the Cq cut-off range 
(green). Cq cutoff range was set at ≥ 5 and < 37. Number of miRNA assays per panel/sample = 179. 
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Identifying stably expressed miRNAs: The analysis was performed by setting up a geNorm pilot 
experiment using qbase+ (Biogazelle) to identify miRNA reference targets based on their expression 
stability. There were seven Qiagen recommended reference-miRNAs – hsa-miR-103a-3p, hsa-miR-16-
5p, hsa-miR-191-5p, hsa-miR-423-5p, hsa-miR-425-5p, hsa-miR-451a, and hsa-miR-93-5p. Another 
seven reference candidates – hsa-miR-146b-5p, hsa-miR-15a-5p, hsa-miR-222-3p, hsa-miR-26b-5p, 
hsa-miR-301a-3p, hsa-miR-320b, and hsa-miR-425-5p – were chosen based on the criteria described 
in the corresponding section of methods and materials. The final number of miRNAs to enter into the 
geNorm analysis was 13 since hsa-miR-425-5p was both a Qiagen recommended target and also among 
the seven candidates in the selection process. Figure 4 illustrates the ranking of the 13 based on their 
average expression stability (geNorm M). According to the qbase+ manual, a suitable reference target 
should have a geNorm M value below 0.5. One of the targets fell above 0.5, hsa-miR-451a (M = 0.569), 
and the remainder of the targets resided below the 0.5 threshold: hsa-miR-423-5p (M = 0.499), hsa-
miR-16-5p (M = 0.453), hsa-miR-191-5p (M = 0.426), hsa-miR-103a-3p (M = 0.395), hsa-miR-222-3p (M 
= 0.360), hsa-miR-15a-5p (M = 0.336), hsa-miR-301a-3p (M = 0.299), hsa-miR-320b (M = 0.284), hsa-
miR-146b-5p (M = 0.246), hsa-miR-26b-5p (M = 0.199), hsa-miR-425-5p (M = 0.179), and hsa-miR-93-
5p (M = 0.173). 
 

 
 

Figure 4. Average expression stability of 13 miRNA targets. Seven of which were Qiagen recommended 
reference-miRNAs (blue dots), along with six selected miRNAs (orange dots). Stability ranking goes from, 
left to right, the least stable to the most stable.  
 

The geNorm V value is used to determine the optimal number of reference targets to be implemented 
in following analyses (Figure 5). The Vn/n+1 value is a comparison between two consecutive numbers 
of reference targets (n and n+1) in which “n” is recommended if the value falls below the proposed 
cut-off value of 0.15, and “n+1” when the value resides above 0.15. The qbase+ software is 
programmed to determine the optimal number of reference targets automatically, and in this case the 
software recommendation was 2 (V = 0.077) – hsa-miR-425-5p and hsa-miR-93-5p. The full software 
interpretation of the analysis is presented in Figure 6. 
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Figure 5. Optimal number of reference targets to be implemented based on the geNorm V value of 13 
targeted miRNAs. Two reference targets (V2/3) was determined, by qbase+, to be the optimal number to 
use in this case.     
 

 
 

Figure 6. qbase+ interpretation of geNorm pilot experiment performed on six samples analyzing 13 reference 
target candidates based on geNorm M and geNorm V values. 
 

Discussion 
 

The first objective of the study was to develop a procedural foundation for isolating circulating miRNA 
from human plasma, and subsequently amplify the miRNA though RT-qPCR. Similar studies have 
looked at the three different isolation kits individually or in comparison to other kits. This study 
compared the three kits – Total RNA Purification Kit, miRNeasy Serum/Plasma Kit, and miRNeasy 
Serum/Plasma Advanced Kit – to determine which one was most suited to produce miRNA samples 
intended for amplification using either of the two RT-qPCR methods tested in the study. The same 
pertains to the evaluation of the two RT-qPCR methods – Two-tailed RT-qPCR and miRCURY LNA miRNA 
Focus PCR – they have both been individually tested for amplification of miRNA, this study looked at 
which one was most serviceable under these particular experimental circumstances. The final, and 
unique, objective of the study consisted of a geNorm pilot study of the miRCURY LNA miRNA Focus 
PCR data to establish a normalization strategy by identifying stably expressed reference miRNA which 
could possibly be used in future research into sepsis biomarker-miRNA.      
 
The available amount of circulating miRNA in human plasma is very limited [38] and the process of 
extracting it needs to be as efficient as possible in order to collect a sample rich enough so the 
amplification of said miRNA can occur in a consistent fashion during the subsequent PCR procedure. 
The approach of preparing a sample for a PCR procedure based on the starting concentration of that 
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Results 
 

Optimal reference target selection: The optimal number of reference targets in this experimental 
situation is 2 (geNorm V < 0.15 when comparing a normalization factor based on the 2 or 3 most stable 
targets). As such, the optimal normalization factor can be calculated as the geometric mean of reference 
targets hsa-miR-425-5p and hsa-miR-93-5p. 
 

Reference target stability: Very high reference target stability (average geNorm M ≤ 0.2). This is 
typically seen when evaluating reference targets using genomic DNA as input, or when reference targets 
are very stably expressed. 
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sample is not practical tactic since the amount of miRNA that, in general, can be isolated from plasma 
is so low. Instead, the amount of sample used in the PCR setup is based on predetermined universal 
volume. The process of obtaining this volume was described in the “Real-Time PCR using miRCURY LNA 
Serum/Plasma Focus PCR Panels” portion of the Materials and Methods section. 
 

Looking at the Qubit values generated for all three kits (Table 1), samples of the Total RNA Purification 
Kit contained the lowest miRNA concentration on average. Even though the analysis of the Total RNA 
Purification Kit only generated six readable samples, it is relatively safe to assume that the high number 
of “Out of Range” readings were due to the low concentrations of miRNA contained within these 
samples. This probable assumption was based on unpublished results from Dr. Sanja Jurcevic, a senior 
researcher in the lab who conducted the same analysis on a larger set of samples which presented 
with similar results. Further analysis of the isolation efficiency of the Total RNA Purification Kit was 
intended to be done in juxtaposition to the miRNeasy Serum/Plasma Kit during the Two-tailed RT-qPCR 
analysis. However, since that experiment failed to produce any useful data for this objective, Qubit 
data was the only available measurement. Given the poor results, or lack of results, produced from the 
Total RNA Purification Kit, the remainder of the evaluation will be aimed at the two kits from Qiagen.    
 

The miRNeasy Serum/Plasma Kit and the miRNeasy Serum/Plasma Advanced Kit performed similarly 
(Table 1) when evaluating the Qubit results, with the miRNeasy Serum/Plasma Advanced Kit containing 
a slightly higher overall concentration of miRNA. A similar issue occurred in this case as well where 
miRNA samples isolated the two Qiagen kits were meant to be compared to one another using the 
miRCURY LNA PCR procedure. Unfortunately, the first set of qPCRs, prepared from samples isolated 
using both kits, did not contain functioning isolation spike-ins (UniSp2, UniSp4, and UniSp5). After this 
was remedied, a new set of samples was prepared using only isolations from the miRNeasy 
Serum/Plasma Advanced Kit (Appendix 3) since the miRNeasy Serum/Plasma Kit was depleted at this 
point, and again, the only measurable data available were from the Qubit analysis. Since the two kits 
in question are both products of Qiagen, there was data available, provided by Qiagen on the product 
page of their website, comparing the amplification efficiencies of the two kit. According to the 
information provided, qPCR data showed a slight advantage in amplification for the miRNeasy 
Serum/Plasma Advanced Kit.  
 

According to the manufacturer, the primary intent of the miRNeasy Serum/Plasma Advanced Kit was 
not to create a product with a greater ability to isolate miRNA relative to the miRNeasy-kit, but rather 
to create a product equally capable but without the need for phenol. The removal of phenol in the 
miRNeasy Serum/Plasma Advanced Kit is not only beneficial from a user-friendliness aspect when 
working with the kit but also in regard to sample purity. Residual phenol contamination of a sample 
from a phenol-based isolation process may have a negative impact on the downstream PCR procedure 
since it can cause inhibition of the PCR [39]. In this case, the purity of RNA samples produced from the 
two kits was analyzed using NanoDrop and the 260/280 absorbance ratio. The approximate estimate 
of a pure RNA sample is a 260/280 ratio of ≈2.0, and sample contamination from phenol can be the 
cause of a low 260/280 ratio. At first, when analyzing RNA samples from the miRNeasy Serum/Plasma 
Kit (Appendix 2), which produced an average 260/280 ratio reading of 1.46, phenol contamination may 
have been the cause. However, since samples from the miRNeasy Serum/Plasma Advanced Kit 
produced similar readings (Appendix 3), phenol contamination was probably not the causal factor. 
Another relevant compound present in of both Qiagen kits was guanidine, which can be contaminating 
agent but will be indicated in a deviation of the 260/230 absorbance ratio and not so much in the 
260/280 ratio [40, 41]. Small changes in the pH of the elution solution may promote a change in the 
260/280 ratio, where an acidic solution will skew the 260/280 ratio by 0.2–0.3 in a negative direction, 
and a basic solution will move the value by 0.2–0.3 in a positive direction. The elution solution for both 
of the Qiagen kits was RNase-free deionized water which under theoretical circumstances should hold 
a pH of 7.0. However, exposure to air will lead to the absorption of carbon dioxide and the formation 
of carbonic acid, resulting in a decrease in pH from 7.0 to as low as 5.6 [42]. Another possible 
contaminant are proteins, but in this case not the main suspect, which is explained at the end of this 
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paragraph. The final possible cause, and the primary hypothesis in this case, for the low 260/280 ratio 
may be due to a low concentration of RNA. This speculation is based on an article by El-Khoury [43] 
which demonstrated that the RNA sample purity increased when the starting material increased. The 
study assessed cellular and circulating miRNA recovery using Trizol LS reagent, miRNeasy Mini Kit, and 
miRCURY RNA Isolation Kit. All three method saw an increase in both 260/280 ratio and 260/230 ratio 
in correlation with an increase in RNA starting concentration, in which the miRNeasy Serum/Plasma 
Kit and miRCURY kit performed better than the Trizol LS reagent. The results for the miRNeasy Mini Kit 
showed, on average, that a starting concentration of 15.1 ng/μl (25,000 cells) produced a 260/280 ratio 
of 1.70, 91.2 ng/μl (200,000 cells) produced a 260/280 ratio of 1.96, and 339.5 ng/μl (800,000 cells) 
produced a 260/280 ratio of 2.04. The miRNeasy Mini Kit was also analyzed with the addition of MS2 
RNA. This raised the 260/280 ratio to 1.84 at the lowest concentration, which the authors of the article 
took as an indication that the low RNA concentration was the main reason behind the low 260/280 
ratio, rather than protein contamination, since the only changing variable was the addition on RNA 
with no change to the staring cell count.              
 

In the case of the miRCURY LNA miRNA PCR, samples used (Appendix 3) where pure enough for the 
procedure to succeed. The Two-tailed RT-qPCR did however experience issues with amplification, for 
which sample impurities could be the causal factor. A way of confirming that a low RNA starting 
concentration was the main contributing factor for the low 260/280 ratio in this case would be to 
increase the volume of plasma from 100 μl, to 200 μl, 400 μl, and 600 μl, along with parallel samples 
containing MS2 RNA to see if a gradual increase in plasma volume correlates to an increase in RNA 
purity. The protocol for the miRNeasy Serum/Plasma Advanced Kit does suggest that a 600 μl starting 
plasma volume is applicable, but keep in mind that a greater plasma volume may not produce a higher 
RNA sample concentration since that is dependent on the affinity of the spin-column and at which 
point its membrane is saturated. 
 

The miRCURY LNA PCR procedure was somewhat of a success right from the start. Even though the 
first set of runs contained non-functioning isolation spike-ins, the fact that the great majority of assays 
on the panel amplified was an encouraging outcome in and of itself since that was far from a forgone 
conclusion given the fact that plasma contains very small amounts of miRNA, and based on the 
previous outcome of the Two-tailed RT-qPCR procedure in which the great majority of assays failed to 
amplify. There is no figure illustrating the overall amplification of the samples containing the non-
functioning isolation spike-ins, but the call rate plot (Figure 3) illustrates amplification in subsequent 
samples.    
 

The initial intent for the miRCURY LNA PCR procedure was to both perform a gene expression analysis 
comparing the miRNeasy Serum/Plasma Kit to the miRNeasy Serum/Plasma Advanced Kit along with a 
geNorm pilot experiment to identify stably expressed miRNAs. However, due the spike-in 
complication, the miRNeasy Serum/Plasma Kit was depleted and thus the focus shifted towards simply 
performing qPCRs on miRNeasy-adv samples followed by the geNorm study.   
 

The lysis of hematopoietic cells (hemolysis) can occur during freezing and thawing of blood samples, 
and in the preparation process of serum and plasma, which will cause the release of miRNA contained 
within those cells, and in turn, alter the normal makeup of circulating miRNAs. This can result in 
analytical inaccuracies down the line in both quantification and normalization of miRNAs in serum or 
plasma [44]. In this case, all eight samples did not show indications of hemolysis (Figure 1) based on 
the GeneGlobe hemolysis test measuring the relative expression of the erythrocyte specific hsa-miR-
451a and the stable hsa-miR-23a-3p. Hsa-miR-451a is present in significant levels in red blood cells [45] 
and have been demonstrated to be a useful indicator of hemolysis through various methods of 
analytical implementation [44, 45, 46, 47]. The hemolysis test used in this case – the ratio of miR-451a 
to miR-23a-3p – was first introduced by Blondal et al. [48], and demonstrated in a separate study to 
be the most sensitive method of detecting low levels of hemolysis in serum samples when compared 
to three other common hemolysis detection methods [49].  
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The isolation spike-ins – UniSp2, UniSp4, and UniSp5 – showed no significant across samples (Figure 
2). In sample QadvPold-45, UniSp5 amplified after the Cq cut-off of 37, however UniSp5 is added at 
such a low concentration that late or no amplification may result from the spike-in being lost during 
the isolation procedure. Since a similar Cq increase was not present for UniSp2 and UniSp4 along with 
a similar increase in sample QadvPold-45, the decision was made to include the sample. Samples 
QadvPold-43 and QadvPold-46 showed slight elevation in Cq values for both UniSp2 and UniSp4, but 
not significant enough to warrant exclusion. However, the frequency of missing data in these two 
samples were higher than the other six samples. According to the miRCURY LNA miRNA PCR Panels & 
Assays Data Analysis Handbook (Qiagen, 2019) a higher percentage in the frequency of missing data in 
any sample relative to the others, may indicate technical difficulties with the samples’ analysis, and 
excluding the sample is recommended. Based on this, the decision was made to exclude samples 
QadvPold-43 and QadvPold-46 from the study. The RT spike-in controls – UniSp6 and cel-miR-39-3p –
displayed consistent Cq values across all samples, indicating successful cDNA synthesis.  
 

The geNorm pilot experiment offered in qbase+ employs an improved version of the original geNorm 
algorithm and aims to produce a more accurate normalization strategy that relies on multiple stably 
expressed reference targets and was originally developed for the normalization of mRNA [50]. When 
it comes to mRNA, there are recommended sets of reference targets available in literature and offered 
by biotech companies that can be utilized in a normalization procedure. The same cannot be said about 
miRNA where there are no defined sets of reference miRNAs. Even though companies, such as Qiagen, 
offer recommended reference targets, it may be necessary to test whether or not these reference 
targets are stably expressed under specific experimental conditions [51].  
 

The method of identifying which miRNAs were stably expressed in the plasma of healthy donors, based 
on the 179 miRNAs present on the miRCURY LNA miRNA Focus PCR Panel, was initiated by performing 
the global mean normalization method available in qbase+, which is demonstrated in Mestdagh et al. 
[52], and in D’haene et al. [53]. The seven candidates selected from the normalized Cq data was based 
on the lowest standard deviation, according to requirements described in materials and methods, 
along with the seven reference miRNAs recommended by Qiagen. This setup was designed to both 
identify the most stably expressed miRNAs and to demonstrate where or not the Qiagen 
recommended reference miRNAs were the optimal choice under these experimental conditions and 
among healthy blood donors from Skövde, Sweden. The decision of selecting seven miRNA candidates 
was based on the minimum requirement of using at least five and matching the number of Qiagen 
reference targets. It was also assumed, based on standard deviation values increasing, that extending 
the selection would not introduce miRNA candidates with a greater potential of being a suitable 
reference target than the seven already selected. However, it turned out that a low standard deviation 
was an influencing factor but not a determining factor as to where a particular miRNA would rank on 
the geNorm M scale (Figure 4). Most of the selected reference-miRNAs ranked better than most of 
Qiagen reference miRNAs. Except for one, hsa-miR-93-5p, which had a standard deviation value that 
was greater than all of the selected reference-miRNAs but still ranked as the most stable reference 
target according to the geNorm M algorithm. With this being the case, it would be advisable to extend 
the number of miRNAs in future geNorm pilot experiments. The procedural execution of selecting 
miRNA candidates based on the lowest standard deviation, and the number of candidates enlisted in 
the geNorm analysis, was based on the guidelines presented by Dr Jo Vandesompele []. Instead of 
recruiting candidates according to this model it might be easier just to include all 179 of miRNAs 
present on the miRCURY LNA miRNA Focus PCR panel. Due to time restraints, this approach was never 
tested. When reviewing a number of articles on the subject of identifying plasma-based miRNA 
reference target sets, the main takeaway was that the results vary from case to case with some overlap 
of individual miRNAs. When narrowing the search to see if there were any articles that identified hsa-
miR-93-5p and/or hsa-miR-425-5p as the most stable target set or individual target; several articles 
identified hsa-miR-93-5p, coupled with miRNAs other than hsa-miR-425-5p, as the most stable 
reference target set [54, 55, 56], one article identified hsa-miR-425-5p, coupled with miRNAs other 
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than hsa-miR-93-5p, as the most stable reference target set [57], and one article identified hsa-miR-
93-5p and hsa-miR-425-5p as the most stable reference target set [58]. The studies are presented in 
Table 2. 
 

The results presented from the geNorm pilot study fall short of the intended goal of developing a 
normalization strategy that would be applicable to sepsis biomarkers since the analysis only contained 
plasma samples derived from healthy donors. The research plan was constructed to start with plasma 
of healthy donors and subsequently move on to plasma of septic patients. However, due to time 
restraint and time-consuming setbacks, only plasma of healthy donors was processed in time.  
 
Table 2. Studies in which either hsa-miR-425-5p or hsa-miR-93-5p, or both, were identified as the most stable 
reference-miRNA/miRNAs.  

PubMed ID Most stable reference-miRNAs Study population 

24479999 miR-101-3p, miR-93-5p 
Plasma of patients with major depressive disorder 
v. plasma of healthy controls. 

22198701 miR-16-5p, miR-93-5p 
Serum of patients with gastric cancer patients v. 
serum of healthy controls. 

27759076 miR-93-5p, miR-25-3p, miR-106b-5p 
Serum of patients with colorectal cancer v. serum 
of healthy controls. 

26801621 miR-24-3p, miR-151a-5p, miR-425-5p 
microRNA expression studies in a hepatitis B virus 
replicating liver cell line (HepG2). 

29299981 miR-93-5p, miR-425-5p 
Plasma of patients with vulvar intraepithelial 
neoplasia lesions Vs. plasma of patients with vulvar 
carcinoma.  

 

Ethical aspects and impact of the research on society 
 

Ethical consideration to take into account when working with plasma concerns the source, namely the 
donor or patient from whom the blood was collected and the importance of confidentiality regarding 
his or her private medical information. The plasma utilized for the research study was derived from 
blood collected by the employees of Unilabs AB at Skaraborg Hospital in Skövde. All donors and 
patients were above the age of 18 and personally gave their written informed consent. In cases where 
the patient had passed away from the illness, consent was given by family members on the request of 
a doctor or nurse within 24 hours from time of death of the patient. At no other point in time were 
family members contacted with inquiries regarding the use of medical data pertaining to the deceased 
– based on regulations put in place to avoid repeated requests with the intent of protecting family 
members of the departed. The study was approved by the Regional Ethics Review Board of Gothenburg 
(376-11). 
 
The research outlined in this paper may not by itself present as possibly impactful on society, but 
rather, it is part of a bigger picture involving the improvements in sepsis diagnostics. A streamlined 
approach for isolating, amplifying, and analyzing plasma derived miRNA will be beneficial to the 
research into utilizing biomarker miRNA as part of a multiplexed diagnostic system for sepsis. In turn, 
earlier and more accurate identification of sepsis will provide a whole host of plausible societal 
benefits. Earlier recognition of sepsis will both improve patient outcome and at the same time reduce 
the cost of treatment and rehabilitation associated with sepsis. Another likely improvement, as it 
relates to more accurate detection of sepsis, involves the use of antibiotics. By eliminating, or at least 
limiting, cases where antibiotics are prescribed unnecessarily, the battle against antibiotic resistance 
among microbes may be reinforced.            
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Conclusion and future perspectives 
 

There were several aspects of the study that never came to fruition due to various delays and time 
restrictions. The main take-away from the project would be that either of the two Qiagen miRNA 
isolation methods, coupled with Qiagen’s miRCURY LNA PCR system, showed to be promising for 
isolating and amplifying circulating miRNA from human plasma. The geNorm pilot study identified a 
range of possible reference miRNAs. If these miRNA reference candidates demonstrate the same 
expression patterns when analyzing miRNA derived from the plasma of septic patients remains to be 
seen. The conclusion, for now, is that a solid foundation was established which can be built upon for 
further development of a normalization strategy for sepsis biomarker research within the miRNA 
arena. 
 
Future advancement of the research mandates an investigation comprised of a larger sample pool 
along with samples from both healthy individuals and samples obtained from septic patients in order 
to truly identify miRNA reference targets that demonstrate constant expression across the two groups. 
The geNorm study should also be expanded in the number of miRNA targets analyzed on the miRCURY 
Focus Panel, preferably all 179 of them. Furthermore, simply establishing reference miRNA that display 
relative constant expression patterns between the two groups may not be enough since the patient 
pool for sepsis include individuals with a number of different accompanied diseases, conditions, and 
treatments which may affect miRNA expression. It may be possible to account for variations of this 
nature by creating subgroupings within the patient group, or by establishing a wider set of reference 
miRNAs that would function almost like a buffer system in order to counteract unforeseen effects of 
underlying conditions. 
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Appendix 1: Samples of Total RNA Purification Kit 
 

Qubit and NanoDrop analysis of plasma samples processed with the Total RNA Purification Kit (Norgen 
Biotek). 
 

Sample miRNA concentration 260/280 ab. Ratio 

NPold-02.1 Out of Range 1.82 

NPold-02.2 Out of Range 0.89 

NPold-03.1 Out of Range 1.89 

NPold-03.2 Out of Range 1.74 

NPold-04.1 Out of Range 2.17 

NPold-04.2 0.163 ng/µl 3.14 

NPold-06.1 0.083 ng/µl 1.80 

NPold-06.2 Out of Range 1.22 

NPold-07.1 Out of Range 1.81 

NPold-07.2 Out of Range 2.00 

NPold-08.1 Out of Range 1.51 

NPold-08.2 0.157 ng/µl 1.42 

NPold-09.1 0.234 ng/µl 1.41 

NPold-09.2 Out of Range 1.36 

NPold-10.1 Out of Range 1.90 

NPold-10.2 Out of Range 1.79 

NPold-20.1 Out of Range 1.29 

NPold-20.2 Out of Range 0.13 

NPold-22.1 0.093 ng/µl 1.18 

NPold-22.2 Out of Range 0.31 

NPold-24.1 Out of Range 1.00 

NPold-24.2 Out of Range -0.44 

NPold-25.1 Out of Range 0.78 

NPold-25.2 0.066 ng/µl 0.51 

NPold-26.1 Out of Range 2.96 

NPold-26.2 Out of Range 4.03 

NPold-27.1 Out of Range 2.34 

NPold-27.2 Out of Range 1.47 
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Appendix 2: Samples of miRNeasy Serum/Plasma Kit 
 

Qubit and NanoDrop analysis of plasma samples processed with the miRNeasy Serum/Plasma Kit 
(Qiagen). 
 

Sample miRNA concentration 260/280 ab. Ratio 

QPold-02 0.250 ng/µl 1.47 

QPold-03 Out of Range 1.42 

QPold-04 0.260 ng/µl 1.44 

QPold-06 0.941 ng/µl 1.46 

QPold-07 1.190 ng/µl 1.15 

QPold-08 0.270 ng/µl 1.40 

QPold-09 Out of Range 1.57 

QPold-10 Out of Range 1.38 

QPold-11 0.280 ng/µl 1.44 

QPold-12 0.280 ng/µl 1.45 

QPold-13 1.480 ng/µl 1.34 

QPold-14 0.350 ng/µl 1.43 

QPold-17 0.420 ng/µl 1.36 

QPold-18 0.330 ng/µl 1.28 

QPold-19 0.250 ng/µl 1.55 

QPold-20 0.350 ng/µl 1.38 

QPold-22 0.430 ng/µl 1.41 

QPold-24 0.250 ng/µl 1.56 

QPold-25 Out of Range 1.52 

QPold-26 Out of Range 1.61 

QPold-27 Out of Range 1.50 

QPold-28 Out of Range 1.48 

QPold-29 0.260 ng/µl 1.51 

QPold-30 Out of Range 1.45 

QPold-31 0.260 ng/µl 1.57 

QPold-32 0.280 ng/µl 1.54 

QPold-33 Out of Range 1.57 

QPold-34 0.340 ng/µl 1.69 

QPold-35 0.497 ng/µl 1.70 

QPold-36 0.480 ng/µl 1.46 

QPold-37 0.280 ng/µl 1.44 
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Appendix 3: Samples of miRNeasy Serum/Plasma Advanced Kit  
 

Qubit and NanoDrop analysis of plasma samples processed with the miRNeasy Serum/Plasma 
Advanced Kit (Qiagen). 
 

Sample miRNA concentration 260/280 ab. Ratio 

QadvPold-38 0.213 ng/µl 1.51 

QadvPold-39 0.266 ng/µl 1.44 

QadvPold-40 0.370 ng/µl 1.65 

QadvPold-41 0.243 ng/µl 1.57 

QadvPold-42 0.520 ng/µl 1.47 

QadvPold-43 0.290 ng/µl 1.47 

QadvPold-44 0.380 ng/µl 1.46 

QadvPold-45 0.673 ng/µl 1.96 

QadvPold-46 0.702 ng/µl 0.92 

QadvPold-47 0.803 ng/µl -3.32 

QadvPold-48 1.760 ng/µl 1.43 

QadvPold-99 0.290 ng/µl 1.41 
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Appendix 4: DNA Oligonucleotides for Two-tailed RT-qPCR 
 

Usage Name Sequence 

Two-tailed  
RT primers 

cel-miR-54-3p AGATTACAAAGGACGCAGAGCTAGAGAACCTAGCTCAACACTACACTCGGA 

miR-spike-A TAGGGCTAACAGAAACACAGCTAGAGAACCTAGCTGAACAATACAGGAACG 

miR-spike-B ACCTGAGATGCGACACCCACCTAGAGAACCTAGGTGAACAATACAAAGACCG 

cel-miR-76-3p AACAACGCACGCTCACAGACGTAGAGAACCTACGTCAACAATACATCAAGG 

cel-miR-2-3p CTGGCTGAAACCACGCAGAGCTAGAGAACCTAGCTCAACACTACCGCACAT 

miR-let-7a-5p ACCTAACATGCTCTCCAGGTACAGTTGGTACCTGTCTCCACTTAACTAT 

miR-23a-3p TGGCAATGAATAGAACGAGAGCTAGAGAACCTAGCTCCTTAGAACCGGAAAT 

miR-451-5p AATGGTAAGCGGGTAAGACACCTAGAGAACCTAGGTGATAAATTGAAACTCA 

Forward 
qPCR 

primers 

cel-miR-54-3p GCAGATTACAAAGGACGCAGAG 

miR-spike-A GCTAGGGCTAACAGAAACACAG 

miR-spike-B CCTGAGATGCGACACCCAC 

cel-miR-76-3p AACAACGCACGCTCACA 

cel-miR-2-3p CTGGCTGAAACCACGCAG 

miR-let-7a-5p ATGCTCTCCAGGTACAGTTG 

miR-23a-3p GCTGGCAATGAATAGAACGAGAG 

miR-451-5p CGAATGGTAAGCGGGTAAGACAC 

Reverse 
qPCR 

primers 

cel-miR-54-3p GCCTACCCGTAATCTTCATAATCC 

miR-spike-A TGCAGCCCTACCGACAC 

miR-spike-B CACTCAGGTTGTAGGAGCG 

cel-miR-76-3p GGTTCGTTGTTGATGAAGCC 

cel-miR-2-3p GCTATCACAGCCAGCTTTGAT 

miR-let-7a-5p GCCGCTGAGGTAGTAGGTTGTA 

miR-23a-3p GCATCACATTGCCAGGGATT 

miR-451-5p CGCAAACCGTTACCATTACTGA 
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Appendix 5: miRCURY LNA miRNA Focus PCR Panels 
 
List of 179 miRNA present on the miRCURY LNA miRNA Focus PCR Panels (Cat No. YAHS-106Y) 
 

hsa-let-7a-5p hsa-miR-140-5p hsa-miR-199a-5p hsa-miR-30d-5p hsa-miR-424-5p 

hsa-let-7b-3p hsa-miR-141-3p hsa-miR-19a-3p hsa-miR-30e-3p hsa-miR-425-3p 

hsa-let-7b-5p hsa-miR-142-3p hsa-miR-19b-3p hsa-miR-30e-5p hsa-miR-425-5p 

hsa-let-7c-5p hsa-miR-142-5p hsa-miR-200a-3p hsa-miR-320a hsa-miR-451a 

hsa-let-7d-3p hsa-miR-143-3p hsa-miR-200c-3p hsa-miR-320b hsa-miR-454-3p 

hsa-let-7d-5p hsa-miR-144-3p hsa-miR-205-5p hsa-miR-320c hsa-miR-483-5p 

hsa-let-7e-5p hsa-miR-144-5p hsa-miR-208a-3p hsa-miR-320d hsa-miR-484 

hsa-let-7f-5p hsa-miR-145-5p hsa-miR-20a-5p hsa-miR-324-3p hsa-miR-485-3p 

hsa-let-7g-5p hsa-miR-146a-5p hsa-miR-20b-5p hsa-miR-324-5p hsa-miR-486-5p 

hsa-let-7i-5p hsa-miR-146b-5p hsa-miR-210-3p hsa-miR-32-5p hsa-miR-495-3p 

hsa-miR-100-5p hsa-miR-148a-3p hsa-miR-2110 hsa-miR-326 hsa-miR-497-5p 

hsa-miR-101-3p hsa-miR-148b-3p hsa-miR-215-5p hsa-miR-328-3p hsa-miR-501-3p 

hsa-miR-103a-3p hsa-miR-150-5p hsa-miR-21-5p hsa-miR-331-3p hsa-miR-502-3p 

hsa-miR-106a-5p hsa-miR-151a-3p hsa-miR-221-3p hsa-miR-335-3p hsa-miR-505-3p 

hsa-miR-106b-3p hsa-miR-151a-5p hsa-miR-222-3p hsa-miR-335-5p hsa-miR-532-3p 

hsa-miR-106b-5p hsa-miR-152-3p hsa-miR-223-3p hsa-miR-338-3p hsa-miR-532-5p 

hsa-miR-107 hsa-miR-154-5p hsa-miR-223-5p hsa-miR-339-3p hsa-miR-543 

hsa-miR-10b-5p hsa-miR-155-5p hsa-miR-22-3p hsa-miR-339-5p hsa-miR-574-3p 

hsa-miR-122-5p hsa-miR-15a-5p hsa-miR-22-5p hsa-miR-33a-5p hsa-miR-584-5p 

hsa-miR-125a-5p hsa-miR-15b-3p hsa-miR-23a-3p hsa-miR-342-3p hsa-miR-590-5p 

hsa-miR-125b-5p hsa-miR-15b-5p hsa-miR-23b-3p hsa-miR-34a-5p hsa-miR-629-5p 

hsa-miR-1260a hsa-miR-16-2-3p hsa-miR-24-3p hsa-miR-361-5p hsa-miR-652-3p 

hsa-miR-126-3p hsa-miR-16-5p hsa-miR-25-3p hsa-miR-362-3p hsa-miR-660-5p 

hsa-miR-126-5p hsa-miR-17-5p hsa-miR-26a-5p hsa-miR-363-3p hsa-miR-7-1-3p 

hsa-miR-127-3p hsa-miR-181a-5p hsa-miR-26b-5p hsa-miR-365a-3p hsa-miR-7-5p 

hsa-miR-128-3p hsa-miR-185-5p hsa-miR-27a-3p hsa-miR-374a-5p hsa-miR-766-3p 

hsa-miR-130a-3p hsa-miR-186-5p hsa-miR-27b-3p hsa-miR-374b-5p hsa-miR-874-3p 

hsa-miR-130b-3p hsa-miR-18a-5p hsa-miR-28-3p hsa-miR-375 hsa-miR-877-5p 

hsa-miR-132-3p hsa-miR-18b-5p hsa-miR-28-5p hsa-miR-376a-3p hsa-miR-885-5p 

hsa-miR-133a-3p hsa-miR-191-5p hsa-miR-29a-3p hsa-miR-376c-3p hsa-miR-92a-3p 

hsa-miR-133b hsa-miR-192-5p hsa-miR-29b-3p hsa-miR-378a-3p hsa-miR-92b-3p 

hsa-miR-136-3p hsa-miR-193a-5p hsa-miR-29c-3p hsa-miR-382-5p hsa-miR-93-3p 

hsa-miR-136-5p hsa-miR-194-5p hsa-miR-301a-3p hsa-miR-409-3p hsa-miR-93-5p 

hsa-miR-139-5p hsa-miR-195-5p hsa-miR-30a-5p hsa-miR-421 hsa-miR-99a-5p 

hsa-miR-1-3p hsa-miR-197-3p hsa-miR-30b-5p hsa-miR-423-3p hsa-miR-99b-5p 

hsa-miR-140-3p hsa-miR-199a-3p hsa-miR-30c-5p hsa-miR-423-5p  
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