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ABSTRACT 

Two-dimensional measurements of cell free DNA in sepsis patients 

By: Hróðmar Helgi Helgason 

Instructors: Jónsson J, Sigvaldason K, Kárason S, Sigurðsson G, Guðmundsson B, Guttormur H 

 

Introduction: Elevated levels of cell free DNA (cf-DNA) in plasma is associated with various medical 

emergencies such as sepsis, stroke, trauma. In sepsis, levels of cf-DNA correlate with disease severity 

and hospital mortality25. The goal of this study was to examine if structural damage in cf-DNA is 

present in sepsis patients.  

Materials and methods: Samples were collected from nine consenting patients (age 18+) admitted to 

the two ICU´s of Landspitali due to severe sepsis from December 2016 until May 2017. Samples were 

also collected from five healthy controls. The sample DNA was isolated using the Genomic Mini AX kit 

according to protocol. Northern Lights assay (NLA, two dimensional) was used to detect cf-DNA 

structural damage such as single/double strand breaks, bends, and inter/intra strand links. The 

addition of Fpg (formamidopyrimidine [fapy]-DNA glycosylase) which exaggerates damage was also 

examined for effect. The study was approved by the National Bioethics Committee and the Icelandic 

Data Authority. 

Results: Elevated levels of cf-DNA were observed in sepsis patients which in turn lowered with 

treatment. Visual analysis of the NLA imaging results revealed a repeating pattern indicative of 

significant single-stranded breaks in nucleosomal DNA in sepsis patients that were not readily 

observable in controls. Fpg enzyme treatment decreased larger DNA molecules compared to control 

samples. 

Conclusion: The increase in single-stranded breaks is possibly the result of lack of DNA repair 

associated with cell death. Larger DNA molecules that are isolated presumably derive from necrotic 

cells and possibly contained increased oxidative damage. The sample size in this study is too small to 

draw any concrete conclusions, and further research is warranted. 
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TABLE DIRECTORY 

 

Table 1. Sepsis Diagnostic Criteria, Adapted from Severe Sepsis and Septic Shock — NEJM 

 
Diagnostic Criteria for Sepsis, Severe Sepsis, and Septic Shock* 

Sepsis (documented or suspected infection plus ≥1 of the following)† 

General variables 

  Fever (core temperature, >38.3° C) 

  Hypothermia (core temperature, <36°C) 

  Elevated heart rate(>90 beats per min or >2 SD above the upper limit of the normal range for age) 

  Tachypnea 

  Altered mental status 

  Substantial edema or positive fluid balance(>20 ml/kg of body weight over a 24-hr period) 

  Hyperglycemia (plasma glucose, >120 mg/dl [6.7 mmol/liter]) in the absence of diabetes 

Inflammatory variables 

  Leukocytosis (white-cell count, >12,000/mmᶟ) 

  Leukopenia (white-cell count, <4000/mmᶟ) 

  Normal white-cell count with >10% immature forms 

  Elevated plasma C-reactive protein (>2 SD above the upper limit of the normal range) 

  Elevated plasma procalcitonin (>2 SD above the upper limit of the normal range) 

Hemodynamic variables 

  Arterial hypotension (systolic pressure, <90 mm HG; mean arterial pressure, <70 mm HG; or decrease in systolic 

    pressure of >40 mm HG in adults or to >2 SD below the lower limit of the normal range for age) 

  Elevated mixed venous oxygen saturation (>70%)‡ 

  Elevated cardiac index (>3.5 liters/min/square meter of body-surface area)§ 

Organ-dysfunction variables 

  Arterial hypoxemia (ratio of the partial pressure of arterial oxygen to the fraction of inspired oxygen, <300) 

  Acute oliguria (urine output, <0.5 ml/kg/hr or 45 ml/hr for at least 2 hr) 

  Increase in creatinine level of >0.5 mg/dl (>44 μmol/liter) 

  
Coagulation abnormalities (international normalized ratio, >1.5; or activated partial-thromboplastin time, >60 
sec) 

  Paralytic ileus (absence of bowel sounds) 

  Thrombocytopenia (platelet count, <100,000/mmᶟ) 

  Hyperbilirubinemia (plasma total bilirubin, >4 mg/dl [68 μmol/liter]) 

Tissue-perfusion variables 

  Hyperlactatemia (lactate, >1 mmol/liter) 

  Decreased capillary refill or mottling 

Severe sepsis (sepsis plus organ dysfunction) 

Septic shock (sepsis plus either hypotension [refractory to intravenous fluids] or hyperlactatemia)¶ 

* Data are adapted from Levy et al.5 

† In children, diagnostic criteria for sepsis are signs and symptoms of inflammation plus infection with hyperthermia 

    

 or hypothermia (rectal temperature, >38.5°C or <35°C, respectively), tachycardia (may be absent with hypothermia), and at 
least one of the following indications of altered organ function: altered mental status, hypoxemia, increased serum lactate 
level, or bounding pulses 

‡ A mixed venous oxygen saturation level of more than 70% is normal in newborns and children (pediatric range, 75 

    to 80%). 

§ A cardiac index ranging from 3.5 to 5.5 liters per minute per square meter is normal in children. 

¶ Refractory hypotension is defined as either persistent hypotension or a requirement for vasopressors after  

    the administration 
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Table 2. SOFA SCORE, adapted from Ferreira, F. L.  

 

Table 3 APACHE II Severity of Disease Classification System, adapted from Knaus WA, E. A. 
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Table 4. cf-DNA quantification results & APACHE II score 

Sample ID Plasma (ng/μl) blood (ng/μl) Urine (ng/μl) Urine sediment (ng/μl) APACHE II score 

      

1 147 713 5 9 24 

2 36 746 3 28  

7 25 920 11 232 18 

8 198 1144 22 15 8 

9 7 1514 4 469 23 

3 948 1910 15 0  

4 79 1558 47 802  

5 197 1825 18 0 15 

6 10 1368 34 58  

10 46  3 1060 25 

11 247    25 

12 130    30 
 

Table 5. Before and After #1, pg.22                               Table 6. Before and after #2, pg.22 

 
Table 7. Before and after # 3, pg.22 
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Table 8. Single patient samples, pg.22 

 

Table 9. Control group, pg.21 
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Table 10. Fpg handling, pg.23 
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DIRECTORY OF SHORTHAND 

ATP – Adenosine Triphosphate EDTA – Ethylenediaminetetraacetic Acid  
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1 INTRODUCTION 

 Sepsis and septic shock are poorly understood conditions. Understanding of the complete 

mechanisms involved has been proven difficult, and reliable determinants of severity, prognosis, and 

treatment response have yet to be found. The broad spectrum of variables involved in such a systemic 

condition is daunting but cell free DNA (cf-DNA) has recently come under investigation for its possible 

diagnostic value in addition to currently established variables used in disease severity scores like the 

APACHE II score26,33,21. Recent studies show that there is a positive correlation between elevated cf-

DNA levels and hospital mortality rates22,25. The origins of cf-DNA (section 1.2) within the body allow 

us to conclude that it´s elevated levels correlate with tissue damage. This is supported by studies that 

show raised cf-DNA levels in trauma, stroke, MI´s, cancer patients, and even athletes 4,16,34. cf-DNA's 

short 15 minute half-life9 further contributes to its usefulness in assessing patient status. Although 

there are a number of possible applications when it comes to measuring the quantity of cf-DNA in 

plasma this project aims to explore whether further insights could be gained by examining cf-DNA 

damage by applying a new method called the Northern Lights Assay (NLA) developed Dr. Jonsson´s 

research group in Dept. of Biochemistry and Molecular Biology and Lífeind ehf. The NLA is a 

comprehensive way to view most types of DNA damage in one assay, including even intrastrand and 

interstrand cross-links 14. Unlike other forms of DNA imaging, the NLA is suitable for fluid sampling. 

Using the NLA method, we could gain insight into the state of cells during their death and therefore 

gain clues to the disease progression of sepsis patients.  

1.1 Sepsis        
Sepsis is a disease state in which the body’s natural reaction to an infection becomes 

unregulated or dysfunctional, injuring its tissues. It can cause organ damage or failure and in severe 

cases lead to septic shock and multiple organ failure. Incidences of sepsis are not well documented 

worldwide, but documented cases in developed countries make it evident that sepsis is a serious 

public health concern. In Iceland, 0.48/1000/inhabitants are diagnosed with sepsis32. Patients have a 

25% 28-day mortality rate and a 60% year-long survival rate32. Even if patients survive sepsis, its 

consequences can be permanent and debilitating. Early diagnosis of sepsis and classification of its 

severity is therefore critical in improving sepsis prognosis.  

1.1.1 Symptoms and diagnosis of sepsis 

The symptoms presented in sepsis patients can differ substantially between cases. 

Pathogenic and host factors such as preexisting conditions, site, and severity of infection, genetic 

variations, age, etc. all affect the presentation of the syndrome. Because the manifestation of sepsis 

can differ greatly there are many clinical features that need to be included in the assessment (Table 1 

in directory) General signs can include things such as abnormal body temperature, tachycardia, 

tachypnea, etc. They are used to diagnose SIRS (systemic inflammatory response syndrome) which 

requires two or more of the following symptoms: Temp >38 or <36, HR >90/min, respiratory rate 

>20/min, PaCo2 <32 mm Hg, white blood cell count >12 000/mm3 or <4000/mm3 28. Identification or 

suspicion of progressive organ failure is crucial. The sequential organ failure assessment (SOFA 

score, table 2 directory) is used to determine this.11 Healthy individuals upon first admission should 

have a SOFA score of 0 unless a pre-existing condition is in place28. An acute change in organ 

function is categorized as a rise of >2 points on the SOFA scale28. If a patient progresses, they might 

reach the stage of septic shock. Persistent hypotension characterizes this state. If vasopressors are 

required to keep arterial blood pressure above 65 mm Hg and the patient has a serum lactate >2 

mmol/L the same also applies. The APACHE II score (see table 3 in directory) is another prevalent 

scale to measure the initial condition of the patient upon admission. The APACHE II score differs from 

SOFA as it takes into account additional factors and is not used as a continuous measurement of 

organ function, but as an initial risk measurement. 
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1.1.2 Pathology of sepsis 

The pathology of sepsis stems from a dysregulated response to infection. Proinflammatory 

systems responsible for the destruction of pathogens can lead to collateral tissue damage. This is 

most often the initial stage of sepsis and is sometimes referred to as the „cytokine storm “3. On the 

other hand, overt anti-inflammatory responses can handicap the body’s natural immune system and 

increase risks of secondary infections. This is often the second phase of the disease. These reactions 

can vary due to the type of pathogen, genetics, medications, or other variables. 

Innate immunity starts the body's original response to infection. Pathogens can be recognized 

by various receptors on immune cells. Once triggered these immune cells up-regulate pro-

inflammatory genes which recruit more immune cells and activate pathogen destroying pathways. 

Immune cells can also sense endogenous materials such as proteins and DNA being released from 

dead or dying cells. These materials trigger pro-inflammatory responses in noninfectious patients such 

as in cases involving significant trauma or necrosis. When such a response is systemic, it can lead to 

rapid deterioration due to self-reinforcing feedback loops of inflammatory responses leading to 

increased apoptosis, leading to heightened inflammatory response1,3. This can trigger an over-reaction 

of anti-inflammatory and immune-suppressive responses that suppress immune cell response to 

stimuli which in turn hampers the body’s ability to respond to infection3. Individual postmortem studies 

support this by showing decreased functionality in splenocytes and lung tissue. These cells have up-

regulated T-cell inhibitory receptors and in addition, have enhanced apoptotic signals to immune 

cells1.  

Also, these factors play a role in aggravating hypoxic states in tissue leading to 

apoptosis/necrosis which is the cause of organ dysfunction and ultimate failure. Multiple pathways can 

be involved. Systemic inflammation can damage vascular endothelium1,3. Accompanying this damage 

Figure 1 adapted from, Severe Sepsis and Septic Shock - NEJM 
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will be the release of even more intracellular pro-inflammatory molecules (cytokines). This widespread 

damage can lead to hypotension, and/or disseminated intravascular coagulation (DIC)1. Shock is 

caused by widespread vasodilation leading to tissue hypo perfusion and the ensuing hypoxia. DIC 

happens when clotting factors are depleted by widespread inflammation27. This causes both interstitial 

bleeding and clot formation throughout the body, including the microcirculation. These processes are 

all happening simultaneously further adding to the diverse presentation of sepsis. In addition, the 

change in the ratio between activated thrombin vs. activated protein C can lead to the dysfunction of 

endothelial cadherin responsible for cell-cell tight junctions10,31. This leads to interstitial edema and 

capillary leakage which both contribute to lower tissue oxygenation and the ensuing hypoxic states. 

Moreover, the cells are dealing with considerable amounts of oxidative stress. This can 

damage DNA or the mitochondria which further impairs cellular respiration. Injured mitochondria or 

accumulated DNA damage can trigger apoptosis in cells and the release of endogenous molecules 

furthering the disease progression. The cumulative burden of systemic inflammation, hypo perfusion, 

immunosuppression, clotting dysfunctions, and of course the pathogens themselves all lead to the 

ultimate disease state.  

 

1.1.3 Epidemiology of sepsis 

The incidence rate for severe sepsis is approximately 0.48/1000 population in Iceland. This 

rounds out to approximately 150 patients annually. Of these people, 25% will die. Septic shock is the 

most dangerous disease development reaching a mortality rate as high as 50%. Patient admittance to 

the ICU varies greatly between countries: US 51.1%, Spain 32%, UK 27.1%. This number can be 

affected by the number of available ICU beds. In underdeveloped countries, sepsis cases often go 

untreated and unreported. This along with the changing definitions of sepsis, severe sepsis, 

septicemia, etc. can lead to inconsistent tallying15. 

The pathogens involved in sepsis have traditionally been gram negative bacteria, however 

with the rising frequency of hospital-acquired infections gram positive infections are becoming more 

common. These infections can be antibiotic resistant and require longer stays in the ICU. The 

presence of these resistant bacteria varies between countries with infection most commonly 

originating in the lungs.15,2 

Age and preexisting conditions are most important risk factors when it comes to the susceptibility and 

mortality of individuals with sepsis such as seniors, children, and patients who are 

immunosuppressed.  

1.2 Cell free DNA 
 The origin of cf-DNA is not fully understood. It is known that cancer cells and neutrophils can 

release nucleic acids16,20,29,31. The exact purpose of this action is still being investigated, however, 

circulating cf-DNA is naturally present at some level due to this cellular secretion. The only other 

sources of cf-DNA can be found in the apoptotic and necrotic processes. In apoptosis, the cells 

degenerate in an ATP-dependent controlled manner. This process is necessary to maintain 

homeostasis by countering cell proliferation and is therefore always present in some amount. The 

DNA is broken down by an endonuclease that cleaves chromatin into approximately 180-bp (base-

pairs) oligomers which form a so-called DNA ladder when viewed using regular electrophoresis. In 

addition to this, the chromatin is packed in exosomes in a process known as blebbing. This allows 

quick phagocytosis by macrophages and helps protect neighboring cells from an inflammatory 

response which would activate due to released intercellular material. Whether this protects contained 

DNA from damage or not is uncertain, but it possibly serves to preserve the DNA in the same state 

after apoptosis. Immune cells and cytokines can trigger apoptosis, or it can be initiated by the cell itself 

due to DNA damage/cellular stress. A caspase cascade mediates both of these processes, and 
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research shows that elevated cf-DNA levels (see table 4 in directory for cf-DNA measurements) have 

been tied to elevated caspase levels.7 

Necrosis is a blanket term which means that a cell has died by some other method than 

apoptosis. Recent research shows that the process is much more complicated than previously 

assumed. Apoptotic bodies can go into secondary necrosis if they are not phagocytized. Necrosis also 

presents when a cell is unable to complete the apoptotic process or ruptures due to toxic or controlled 

variables. Necroptosis is also a newly discovered controlled necrotic process which is present in some 

apoptotic resistant diseases.23 The primary difference between apoptosis and necrosis which is 

relevant to this project is the fact that necrosis does not involve the completion of DNA fragmentation, 

and can, therefore, release cf-DNA of almost any size. This DNA is not contained in any sort of 

exosome and is therefore exposed to plasma conditions and possible damaging factors.  

Since the primary sources of cf-DNA are related to cell death, levels are dependent on 

respiratory stress on the body, developmental changes, and direct damage. These factors increase 

Figure 2 adapted from Fink, S. L. and Cookson, B. T. 



15 
 

either one or both of the cell death processes and therefore would lead to an increase in cf-DNA and 

possibly an increase in cf-DNA damage.   

1.3 DNA Damage 
DNA damage is always naturally present due to the imperfect nature of DNA replication, and 

exposure to internal metabolic factors and external factors such as UV rays (which can cause 

single/double strand breaks, and covalent bonds), PAHs (polycyclic aromatic hydrocarbons), or other 

carcinogens30. DNA damage is increased due to oxidative stress in cells. Natural repair mechanisms 

typically offset this damage, but they can be overwhelmed in certain conditions because they are ATP 

dependent.18,20  

Oxidative DNA damage is when specific bases (guanosine to 8-hydroxydeoxyguanosine most 

common) are oxidized. This happens due to either chemical mediators (carcinogens) or ROS. ROS 

molecules are formed during cellular metabolism, and their levels can rise during periods of oxidative 

stress. ROS molecules are also present in lysosomes, and their elevated levels can lead to lipid 

peroxidation and oxidation of enzymes/proteins6. ROS levels can, therefore, be responsible for cellular 

necrosis if they compromise cell structure.7,24  

Elevated ROS levels and other metabolites can also lead to hydrolytic DNA damage. This 

results in base deamination or individual base removal. Hydrolytic damage can be repaired by DNA 

repair mechanisms but will trigger cell death at a certain threshold.   

1.4 Introduction to electrophoresis 
Electrophoresis is the process by which macromolecules are separated and dispersed 

according to their size and charge. This is an electrokinetic phenomenon, and it works by applying an 

electrical field to charged particles in a gel. This is known as either cataphoresis or anaphoresis 

depending on the particle in question. Nucleic acids are negatively charged and therefore migrate 

towards the positive end of the field (anaphoresis). The relationship between the size of the particle 

and migratory distance is nonlinear. The migratory distance increases exponentially as the size 

decreases allowing smaller molecules to be more readily distinguished. For electrophoresis of nucleic 

acids, we use polyacrylamide gels due to their greater clarity of structural changes when compared 

with other gel recipes.   

1.4.1 The Northern Lights Assay (NLA) 

The NLA is based on the previously mention electrophoresis process. It differs in that it has an 
added DNA denaturation step, which includes heating the gel to 85°C, and a secondary 
electrophoresis process (second dimension) at a perpendicular angle to the first. Migratory speed in 
the first dimension is dependent on both the size and structure of the DNA. Any changes that affect 
the DNA´s structure also affect its migratory speed. The second dimension occurs after the double-
stranded DNA (dsDNA) has been denatured into single-stranded DNA (ssDNA). This makes step two 
dependent only upon strand length. If all of the DNA in an NLA is undamaged, it will stay in the well, 
where the sample was placed. In the following sections, figures will display Mbol-digestion. Mbol cuts 
the DNA at a common DNA sequence. This simulates double-stranded breaks. Double stranded 
breaks can lead to any strand-length and therefore create a smearing effect when observed in NLA 
comparable to that of the Mbol-digested DNA.This creates a normal curve as demonstrated in figure 
3B.   
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 Figure 3. A) Shows the expected migratory results of dimension one with undamaged DNA both digested and 
undigested. B) Shows the normal curve which is formed by digested but otherwise undamaged DNA after the 
second dimension. 

1.4.2 Detection of cross-linking using the NLA 

A category of DNA damage we can detect are intrastrand crosslinks, bending lesions, and any 

point mutation that might cause a structural change in the DNA large enough to affect its migratory 

speed (figure 4.). Structural damage present during the first dimension will increase resistance to 

migration resulting in a shorter migratory distance than undamaged DNA (figure 4). The DNA strands 

are then denatured resulting in ssDNA segments. The size and structural difference between strands 

are now negligible, and they will migrate equally during the second dimension. The end result will 

show DNA molecules above the normal curve. Observing these changes is highly dependent upon 

there being a marked difference in migratory distance after dimension one. This means that it is 

difficult to detect this damage on large molecules because the migratory distance of damage vs. 

undamaged is indistinguishable at the electrophoresis settings utilized in NLA.   

 

Figure 4 A) The damaged DNA lags behind the undamaged in the first dimension. B) The DNA molecules will 
migrate an equal distance after they have been denatured. The damaged DNA will end up in the shaded area. 
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 Covalent bonds cause interstrand crosslinks bonds. During dimension one, the damaged DNA will 

move just as far as an undamaged strand of equal length because the interstrand link doesn’t affect 

the structure. The strength of the covalent bonds prevents them from breaking apart during the 

denaturation step. This results in increased structural resistance to migration during dimension two. 

This allows us to distinguish interstrand crosslinks as an area under the curve (figure 5).  

  

Figure 5 A) interstrand DNA crosslinks cannot be identified during the first dimension because they don't influence 
migratory speed B) The strands stay linked retaining their size during step two. This results in a shorter migratory 
distance.  

  

1.4.3 Detection of strand breaks and ssDNA using the NLA 

DNA damage involving single and double stranded breaks is easily observed using NLA. The 

structural impact of single-strand breaks is negligible and therefore remains undetectable after 

dimension one. During the denaturation step, the single-stranded damage will cause the formation of 

small ssDNA molecules. These molecules will travel further than their undamaged counterparts ending 

up to the right of the normal curve. These small ssDNA molecules that are formed from larger threads 

create a horizontal streak coming from the well (figure 6B). These will be referred to as nucleosomal-

nicked DNA (nnDNA) from this point. Double stranded breaks will end up in between the DNA ladder 

created by the marker, resulting in a smear pattern (comparable to mbo1 digestion). 

If there is any ssDNA present from the beginning, it will travel in a straight line (figure 6C). This 

line will have a continuous slope because the DNA´s migration speed is only dependent upon strand 

length during both dimensions. It is also unaffected by the denaturation step. 
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Figure 6 A) Single-stranded breaks do not influence migration during the first dimension B) the undamaged 
ssDNA will end up within the normal curve, while the shorter pieces will migrate further to the side into the shaded 
area. Single-strand damage of large molecules results in nnDNA  from the well. C) if there is ssDNA during 
dimension one it will travel in a linear pattern since it is unaffected by the denaturation process and is therefore 
only dependant upon size during both dimensions.  

1.4.4 Digestion with Fpg enzyme 

Oxidative damage is easily detected in DNA with chemical methods; however, it is difficult to 

observe using electrophoresis. The addition of the Fpg enzyme solves this problem by cutting DNA 

molecules at oxidation sites (figure 7). The resulting single stranded break pattern can be used to 

visualize oxidative damage when compared to a non-digested control of the same sample.  

 

Figure 7 A) single-strand damage remains undetected during this step B) oxidative damage is now revealed in the 
form of single-stranded breaks  
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2 POSSIBLE USE OF NLA OF CELL FREE DNA DAMAGE AS AN INDICATOR OF 

SEPSIS 

This project is intended to further the search for a biomarker or indicator that can provide us with 

further information when it comes to the diagnosis and treatment of sepsis. Due to its many non-

specific parameters sepsis is very difficult to define but the result, regardless of how the sepsis 

presents, is tissue damage and its resulting increase of cf-DNA.29,31 This can already be quantified to 

calculate risk26 but what if there is a pattern which is easily viewed using the NLA and is specific to 

sepsis or could lend insight into the state of the immune system.  

3 Materials and Methods  

3.1 Patient inclusion/exclusion 
This study utilized a prospective observational cohort to measure plasma DNA and DNA in 

urine and analyze it for damage in connection with sepsis. The study samples were collected from 

patients admitted to the ICU´s of Landspitali Hringbraut and Landspitali Fossvogur over the time 

period of January to May 2017. Inclusion criteria were patients admitted due to severe sepsis or septic 

shock, severe trauma (ISS>16), age > 18 years, non-pregnant and signed informed consent by patient 

or relatives. Patients were excluded if their condition was deemed too severe to donate blood 

samples. Nine patients qualified for the study resulting in 12 samples.  Control samples were also 

extracted from 5 healthy volunteers meeting the same age and consent criteria. This study was 

performed with the permission of the National Ethical Committee (12-010-S1), Chief medical officer of 

Landspitali and The Icelandic Data Protection Authority.  

3.2 Sampling 

3.2.1 Blood and Plasma  
Samples were drawn from 9 patients upon inclusion in the study. Another sample was taken 72 hours 

later if possible. The blood was drawn in three 10 ml cell-free DNA blood collection tubes. These tubes 

contain anticoagulant K3EDTA and a cell preparatory preservative agent. These serve to stabilize cf-

DNA as well as genomic DNA present in the cells. The preservative inhibits the degradation of cf-DNA 

and the release of genomic DNA. Samples collected in these tubes are, according to the supplier 

STRECK, stable for up to 2 weeks at 6-37°C. The blood was centrifuged to separate the cell free 

DNA. Plasma samples were then either processed immediately or frozen for storage at -40°C.  

3.2.2 Urine and urine sediment  

The urine samples we used were collected in sealed and sterilized 50 ml sample cups. The 

amount collected varied depending on the patient’s condition, however, only 6ml are required for DNA 

isolation. The urine samples were in some instances stored frozen at -40°C if they were not processed 

right away.  

3.3 Data collection 
       Patient Information concerning participants was retrieved from patients’ charts at Landspitali. The 

information included their age, gender, diagnosis, and treatment during their admission to the ICU, 

APACHE II score at admission to ICU, length of ICU and hospital stay and survival. The DNA 

measurements (table 4 in directory) were acquired using a spectrophotometer from nanodropTM, and 

all captured images were achieved using the NLA.  
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3.4 Isolation of cell free DNA 

3.4.1 Blood plasma  

The first step to isolate of cf-DNA from blood plasma was to centrifuge at 1.200 xg for 10 minutes. 

This separated the blood plasma from the whole blood. The plasma was then carefully removed and 

placed in a new tube leaving approximately 1.5 ml of plasma above the buffy coat behind to prevent 

contamination. To produce each sample 6 ml of plasma was used and this required 8-10 ml of blood. 

The plasma was then centrifuged at 16.000 xg for 10 minutes and the supernatant transferred to a 

new tube. The sample was then frozen for storage or proceeded through the following isolation 

process using the Genomic Mini AX kit. 

The six mL plasma sample was mixed with six mL of L1.4 lysis solution. This solution contained 

chaotropic salts and an added 100 μL of proteinase K. The chaotropic salts destabilize hydrogen 

bonds and hydrophobic effects. This denatures proteins, such as nucleases, and macromolecules in 

addition to lysing lipid bilayers. The salts also disassociate the nucleic acids from water making more 

optimal conditions for their transfer to silica. Proteinase K is a broad-spectrum endopeptidase which 

rapidly deactivates nucleases and degrades proteins in the lysis solution preserving nucleic acids. The 

plasma sample was then incubated for 15 minutes at 37°C. During the incubation; the filtration column 

was equilibrated with 800 μL K1 equilibrating solution. The samples were then transferred through the 

columns allowing the DNA to bind to the silica columns. There can be contaminations, so the next step 

was to wash the column by adding 1.5 mL of K2 wash solution and allowing it to run through the 

column. This step was preformed twice to remove any impurities. 

After washing 250 μL of K3 elution solution was added to the column because it had a dead space 

of 300 μL. This reduced the final elution volume. The column was then transferred to a new tube and 

the DNA extracted by the addition of 1 mL of K3 elution solution. The DNA was then brought out of the 

solution by the addition of 800 μL of isopropanol. Once the isopropanol was added the tube was mixed 

by inverting it and then centrifuged at 10.000 rpm for 10 minutes. A DNA pellet was then most often 

visible on the bottom. Any supernatant was then discarded, and 500 μL of 70% ethanol solution was 

added to further cleanse the sample of any possible contamination. This solution was then centrifuged 

at 10.000 rpm for 3 minutes. After the spin cycle, the supernatant was discarded, and the DNA sample 

was air-dried and dissolved in 5 μL of TE buffer. TE buffer is composed of Tris and EDTA. Tris is a 

buffer for slight basic pH, and EDTA is a chelator of cations which are cofactors for many enzymes 

such as nucleases. These qualities help preserve the DNA. 

3.4.2 Whole blood 

Isolation of cf-DNA from whole blood began with a spin cycle of 1.200 xg for 10 minutes. Blood 

plasma was then removed and the sample centrifuged. From this point onward follow the Gentra 

Puregene blood kit protocol. During the experiment, this protocol was followed exactly with a couple of 

exceptions. The protocol recommends a spin cycle of 2 minutes at 2000 xg to pellet white blood cells. 

I spun for 10 minutes at 3000 rpm. Only six μL of RNase A solution was used instead of the 15 μL, as 

stated in the protocol. Finally, the DNA was dissolved in 250 μL of TE buffer instead of 300 μL of DNA 

hydration solution.  Besides these general changes, some of the patient samples required the 

repetition of the protein precipitation step.  

3.4.3 Urine 

        The processing of urine samples begins with a spin cycle of 2000 xg for 10 minutes. Then 6 ml 

are removed for isolation via the Genomic Mini AX kit protocol.  

3.4.4 Urine sediment 

Urine sediment was always collected from the patient's entire sample. This was done, despite the 

inconsistent sample sizes, to try and obtain enough DNA for NLA imaging. The cf-DNA isolation 

process follows the protocol: DNA Purification from body fluid using the Gentra Puregene blood kit13, 

apart from the incubation step. Protocol recommends incubating at 55 °C for 1 hour, but my samples 

were incubated for only 15 minutes at 37 °C.  
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3.5 The addition of Fpg enzyme  
The samples that had Fpg applied to them, and their controls had to be created using 70 ng of 

cf-DNA. The required volume differed between samples, but the resulting difference is corrected for 

elsewhere. The DNA is dissolved in 2 μL NE buffer and 0.2 μL BSA. After this two μL Fpg is added, 

and the samples evened out to 20 μL using purified water.  The samples were then incubated for one 

hour at 37°C. After the incubation 200 μL of 0.1M Tris is added and that solution is placed in a 

cleansing column. The column is centrifuged for 24 minutes at 14,000 xg, reversed into a new tube 

and centrifuged again for two minutes at 1000 xg. The remaining sample is mixed with 2μL proteinase 

K to preserve the nucleic acids. The samples are then condensed into convenient sizes (2-5 μL).  

3.6 Northern lights assay 

3.6.1 Gel preparation  

The gels used for the NLA process were 4% polyacrylamide gels. This consists of a 30% 

acrylamide-bisacrylamide (29 acrylamide: 1 methylene-bisacrylamide) solution mixed with 5xTBE 

buffer, water, and urea. The final strength of the solution was 4% acrylamide, 1xTBE buffer and 7M 

urea. This solution was mixed with tetramethylene-diamine (TEMED) and a 10% ammonium persulfate 

solution (APS) to polymerize the gels. The ratios required for polymerization were: 50 ml of acrylamide 

gel solution, 500 μL of APS, and 50 μL of TEMED. All of these components are photosensitive, and 

excluding TEMED needed to be stored at approximately 4°C.   

 The process to create 100 ml of acrylamide-bisacrylamide solution is as follows. First 42 g of 

urea and 13.3 ml of 30% acrylamide- bisacrylamide solution are mixed. They are then dissolved in 25 

ml of 5xTBE buffer solution. This solution is mixed and then diluted with water to100 ml. The solution 

was then filtered through a 0.45 μm filter into a new container.  

The gel cassettes were 9 x 6.5 cm. The bottom plate was 0.5 cm thick and contained painted 

carbon electrodes. The central piece of the cassette was 3 mm thick and has a 6.5 x 4 cm space in 

the center which holds 7 ml of gel. The top plate was 1 mm thick and contained holes for escaping 

gases, which form during the electrophoresis process, and two larger ones for the injection of the gel 

solution and DNA sample. These cassettes were used multiple times and must be cleaned thoroughly 

with warm water and then deionized water. They were then left to air dry on medical wipes. Stixall 

extreme power glue was used to connect the cassette plates. It holds up to the temperatures involved 

in the process and can still be separated afterward. The glue requires 4-5 hours to set before any 

further preparation is possible. 

Once the gel cassettes had been glued together and set to rest, we could start the final steps 

of preparation. Each cassette held 7 ml of gel solution, and therefore they were generally done seven 

at a time, from 50 ml gel batches.  50 ml of acrylamide gel solution, 500 μL of APS, and 50 μL of 

TEMED were mixed together and injected into the cassettes. The cassettes are kept at room 

temperature for 20-30 minutes until the gel has set. They are then stored at 4°C for at least 3 hours 

before they are ready for use.  

3.6.2 DNA sample preparation 

The DNA samples used for each electrophoresis contained 30 ng of DNA material along with 

0.4 μL of Cy5 labeled DNA marker. The marker used was GeneRuler 100 bp+. This Cy5 marker was 

used to create the normal curve used for comparison during NLA analysis.   

3.6.3 2-dimensional electrophoresis 

The process starts with a 1D electrophoresis horizontally. This is done on a Peltier element 

set at 4°C. Electrodes are placed at each end, so they reach the painted carbon patches on the 

bottom cassette. To further increase conductivity the electrodes were inserted in sigma electrode 

cream. This was then carefully bathed in TBE buffer. Once this was ready, the 2-6 μL DNA sample 

can be inserted. The electrodes were set at36 mA and 200V for 13 minutes. The samples were 
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carefully watched during this process as multiple things could go wrong such as the formation of air 

bubbles or a change in mA or voltage.  

After the first dimension of electrophoresis, the cassette was quickly cleaned with a medical wipe and 

then wrapped in another damp medical wipe. This prevented the gel from drying out during the next 

step, which is to heat the cassette for 2 minutes at 85°C. 

After the DNA had been denatured, by the last step, the cassettes were placed on a 55°C Peltier 

element. The 2nd dimension of the electrophoresis was performed at 36 mA, and 60V for 7 minutes. 

The cassettes could now easily be cut apart at the edges and the gels carefully removed.  

3.6.4 Imaging 

Directly following electrophoresis, the gels were placed in a coloring solution. This solution 

consisted of 100 ml of deionized water and ten μL of ribogreen, a fluorescent DNA marker. The gels 

were rested for 15 minutes and are then moved over to a 100 ml deionized water bath for an 

additional 15 minutes. After this, the gel is placed on an imaging device. The one used in this instance 

was the Typhoon 8610. It scans the gel at 625 nm 

(ribogreen marker) and 670 nm (Cy5 marker). The final 

result was an image which contains green lit sample 

DNA and a red lit normal curve for comparison.  

4 RESULTS   

  

4.1 NLA of control groups 
To test if cf-DNA molecules in sepsis patients are 

damaged, we did NLA analysis of patients and 

controls.The results for the control group can be seen in 

Table 9 in the table directory, however, an example can 

be seen here in figure 8. All of the control samples 

display an apoptotic body (blue arrow, figure 8). This is 

the small oval area of DNA at the lower end of the curve 

and represents nucleosomal sized DNA which results 

from the apoptotic process. The amount of 

interstrand links or other damage varied between 

samples with samples C3-5 showing the most. 

Samples C3-4 also display some of DNA to the right 

of the curve representing either single-strand breaks 

or structural lesions during dimension one.     

4.2 NLA from the patient group 
The results for the patient group are shown in Tables 

5-8. Tables 5-7 display before and after images of 

patients who donated more than one sample. The 

patient groups all display apoptotic bodies (blue 

arrow figure 9) larger than those of the control 

groups. They also display single-strand damage 

without exception in all primary patient samples. 

Figure 8 BLUE points to the apoptotic body. RED 
points to single-stranded breaks or bends. PURPLE 
points to interstrand linkage. 

Table 9 
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Secondary samples (tables 6-7) displayed a 

decrease in this type of damage over the 

three day treatment period. In one case 

(sample 1 vs. 2, table 5) there was an 

increase in single-stranded damage and 

secondary apoptotic pattern with a marked 

decrease in large DNA molecules present 

near the well. The apoptotic pattern (purple 

arrow, figure 9) can be observed in most 

primary samples Except for samples 9 & 7 

(table 8).  

 

 

 

Figure 9 BLUE points to the apoptotic body. PURPLE points to 
a further apoptotic pattern. RED point to single-strand damage, 
´´nicking effect‘‘.  

Table 5 

Table 6 

Table 7 

Table 8 
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4.3 NLA of Fpg treated samples 
The results of Fpg handling and imaging can be 

seen in table 10. The samples treated with Fpg all 

displayed low levels of DNA in the well with the 

exception of sample 1.FF.2 (table 10). Control samples 

were varied but in each case had at least one image 

more DNA in the well area in comparison to its Fpg 

treated counterpart (figure 10). 

5 DISCUSSION 

This was a small pilot study, and because of its 

size, the results remain inconclusive. Originally the 

scope of this project was also intended to image more 

types of body fluid including whole 

blood, urine, and urine sediment. Due 

to practical limitation, the scope was 

narrowed down to just blood plasma. 

The following discussion will include 

possible external variables present in 

the experiment, implications 

concerning the image results, and 

possible further studies. 

5.1 Possible external 

variables 
The NLA uses very delicate 

methods to isolate DNA without 

damaging it because it is a very 

fragile material to work with. The 

process is not perfect, and the DNA 

is sometimes exposed to air resulting 

in possible oxidative damage. UV-

rays can also cause damage to the 

DNA during handling. The particular 

damage resulting from these 

external variables isn't highly prevalent in the patient samples and will, therefore, be ignored for now. 

The NLA method was still under development during this experiment and has improved resulting in 

more consistent electrophoresis for future experiments.   

The environment the DNA is extracted from is also an unknown variable. It is possible that 

damage sustained by the cf-DNA is due to environmental conditions in the blood instead of the 

proposed intracellular causes mentioned in the sections below. This is further supported by apoptotic 

necrosis (see figure 2) in which lipid-bilayers containing apoptotic material may rupture in the 

bloodstream exposing contents to environmental factors. To shed some light on this, an experiment 

could be conducted where DNA isolated from a healthy control is exposed to plasma conditions in a 

sepsis patient and examined for an increase in cf-DNA damage. 

Figure 10 A) the control sample has DNA present in the well and 
an apoptotic body. B) This sample was treated with the Fpg 
enzyme and shows a decrease in DNA present in the well.  

Table 10 
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5.2 NLA results  
The images from the control 

groups all displayed similar features as 

the example in Figure 11. We observed 

small apoptotic bodies accompanied by 

patterns indicating possible interstrand-

links and varied single-strand breaks or 

structural damage. This damage can be 

attributed to natural causes such as UV 

exposure, exposure to environmental 

factors, and natural homeostatic 

apoptosis. 

The average patient image 

displayed markedly different patterns 

when compared to the control group. 

Without exception, patient images 

contained nnDNA originating from the 

apoptotic body or well. In addition to this, there are often two closely spaced circular formations above 

the apoptotic body. These are referred to as the apoptotic pattern. In addition to these finding patient 

images almost always displayed much larger apoptotic bodies and relatively fewer large DNA 

molecules than healthy controls.  

Each of these differences can lead us to make inferences about the state of certain processes 

within the patient. The first notable difference would be the relative sizes of the apoptotic bodies. This 

in addition to cf-DNA quantification in patients allows us to assume that there is an increase in 

apoptosis within the body. The apoptotic pattern shows small DNA molecules which are still not quite 

at nucleosomal sizes such as the rest of the apoptotic body. This could indicate a disruption of the 

apoptosis process. In addition to this evidence for disrupted apoptosis, we have the nnDNA emanating 

from the well and the apoptotic body. These streaks most likely come from single-stranded breaks in 

the DNA molecules. Under normal conditions, the cells constantly repair this type of damage. 

However, it´s accumulation could indicate both cellular exhaustion and a change in the intracellular 

environment which increases the hydrolytic damage (elevated ROS). In addition to this, small cf-DNA 

molecules have been linked to increased immune-response20. We could hypothesize that these small 

inflammatory cf-DNA molecules are nucleosomal in origin. To further study this we could isolate the 

nnDNA and examine it for any stimulatory effects when applied to active cells.  

If apoptosis is interrupted, we can assume that necrosis has taken place instead. Although 

signs of both apoptosis and necrosis are present in control images as well, it must be taken into 

account that most of the cf-DNA in patient samples must have its origin cell death16,30. If we keep this 

in mind, then the images captured could be used to reflect the relative apoptosis vs. necrosis ratio. All 

of the patients who donated two samples survived and can, therefore, be assumed to have shown 

improvement during their 3-day treatment. If we compare before and after images #2 and #3 (see 

tables 6,7) we notice a decrease in the previously mentioned patterns. Before and after image #1 

shows an increase. However, it also shows a marked decrease in the relative amount of large DNA 

molecules. If we assume that these are all of necrotic origin, then it would reflect a move towards 

apoptosis in the apoptosis vs. necrosis ratio. This could be further examined in a controlled animal 

model of sepsis or might become more apparent with increased number of patient samples.  

5.3 Fpg enzyme results 
The purpose of using the Fpg enzyme was to visualize oxidative DNA damage as single-

stranded breaks. Oxidative damage occurs during times of oxidative stress, and sepsis qualifies as 

such.The handling process with the Fpg enzyme leads to some trouble in imaging. It was difficult to 

capture clean and reliable pictures, and the reasons for this are, as of now, still not understood. 

Figure 11 This figure shows the summation of results for the 
control group vs. the sepsis group 



26 
 

Despite this, the results of the Fpg handling seem to support the idea of the apoptosis vs. necrosis 

balance being represented. This inference arises from the disappearance of large DNA molecules in 

the Fpg treated samples. Since Fpg cuts DNA at the site of oxidative damage, it is possible that the 

large DNA molecules resulting from necrosis are damaged to such a degree that the resulting pieces 

of DNA simply migrate out of the image.  

5.4 Possible uses for NLA analysis 
If previous assumptions are valid, then the NLA might have clinical relevance as a diagnostic 

tool. It can serve as an indicator of cellular stress during infection, and the appearance of the apoptotic 

pattern or nnDNA can be seen as a risk indicator signaling necrotic cell death. A study on patients with 

suspected infections or bacteremia would help determine if the nnDNA appears before or after sepsis 

takes hold. If it happens before then, it could both, serve as a risk indicator, and support the idea that 

these small nnDNA fragments are immuno-stimulatory and of nucleosomal origin.  

6 CONCLUSION 

The NLA images captured have shown that there are several patterns which seem to be 

specific to sepsis patients. What exactly these patterns represent is still inconclusive but should 

warrant further examination.  The appearance of nnDNA is also a point of interest. It is known that short 

cfDNA molecules and histones are immflamatory19 and the NLA images provide evidence that this cfDNA is 

more damaged in sepsis patients and could, therefore, be more immuno-stimulatory. Immuno-stimulation is 

central to sepsis pathogenesis, and it would be illuminating to confirm whether cfDNA plays a causative role 

or is simply a byproduct.The sample size of this study prevents any concrete conclusions but does, 

however, give rise to many questions concerning cf-DNA, and it´s possible applications.   
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