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Abstract 

 

This project focuses on two proteins released from eosinophil and neutrophil granulocytes. These 

two proteins are Eosinophil Protein X (EPX) from eosinophils and Human Neutrophil Lipocalin 

(HNL) from neutrophils.  The proteins can both be found in urine. Generally when handling urine 

samples precipitates can form in the samples, binding large amounts of the protein that is going to 

be quantified. If you try to eliminate these precipitates by centrifugation or filtration, you also lose 

large amounts of protein and the quantification will not be correct. The main objective of this 

project was to evaluate a urine-precipitation-dissolvation (UPD)-buffer from MAIIA-Diagnostics, 

Uppsala Sweden, as a useful tool to dissolve these precipitates and correctly quantify and measure 

the levels of EPX and HNL in urine samples. Urine samples were collected from individuals with 

no regard to their current health status. The quantification method used in this project was two 

different sandwich ELISAs, one for HNL and one for EPX. Results showed that the UPD-buffer 

increased the protein levels in some samples, as there seems to be individual variations in how 

much precipitate is formed during handling of the urine samples. It was also clear that the use of the 

UPD-buffer never lowered the amount of protein in the samples, compared to untreated samples. 

Results showed the need for well established and standardized methods when analyzing these kinds 

of proteins, and the need to collect reference values from healthy individuals for comparison.  

 

Sammanfattning 

 

Detta projekt fokuserar på två proteiner som frisätts från eosinofila och neutrofila granulocyter. 

Dessa två proteiner är Eosinofil Protein X (EPX) från eosinofiler och Humant Neutrofil Lipocalin 

(HNL) från neutrofiler. Båda dessa proteiner kan hittas i urin. Vid hantering av urinprover så kan 

precipitat bildas i urinen där stora mängder protein kan bli uppbundet. Om man försöker ta bort 

dessa precipitat med hjälp av centrifugering eller filtrering så förlorar man även stora mängder 

protein och en korrekt kvantifiering kan inte göras. Målet med detta projekt var att utvärdera en 

Urine-Precipitation Dissolvation (UPD)-buffert från MAIIA-Diagnostics, Uppsala Sverige, som ett 

användbart verktyg för att lösa upp dessa precipitat och ge en korrekt kvantifiering av EPX och 

HNL i urinprov. Urinprov för detta projekt samlades in från frivilliga individer utan hänsyn till 

deras hälsostatus. Kvantifieringsmetoden som användes var två olika sandwich ELISAs, en för 

HNL och en för EPX. Resultaten visade att UPD-bufferten  höjde proteinnivåerna i vissa prover, då 

det verkar finnas en individuell variation i hur mycket precipitat som bildas i urinproverna. Det var 

även tydligt att UPD-bufferten aldrig sänkte nivåerna av protein i urinproverna jämfört med när 

proverna inte behandlats med UPD-bufferten. Resultaten belyste även behovet av att upprätta 

väletablerade och standardiserade metoder vid analys av dessa typer av proteiner, samt behovet av 

att samla in referensvärden från friska individer för att kunna jämföra resultat. 
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Introduction 
 

There are a large variety of leukocytes in the human immune system, divided into the mononuclear 

leukocytes and the polymorphonuclear leukocytes. The polymorphonuclear leukocytes are called 

granulocytes and include the eosinophil, the neutrophil and the basophil.  The activity of these 

different cells depends on the nature of the inflammation or the infection (Venge 2004). For 

example, neutrophils are active during bacterial infections, while an increase in eosinophil numbers 

can be seen in patients with allergic diseases such as asthma (Bochner 2000). Due to the specificity 

of the cells, and their differing activity during various inflammatory responses, proteins released 

from these granulocytes have been proposed, and are currently used, as biomarkers for different 

inflammatory conditions such as asthma, allergic dermatitis or bacterial infections. This project 

focuses mainly on the neutrophil and the eosinophil granulocyte. 

 

The neutrophil is an important granulocyte of the innate immune system. It comprises 60-70% of 

the circulating leukocytes in normal healthy individuals. The neutrophil has a nuclei consisting of 2-

5 lobes, and is about 12 µm in diameter. The reserve of neutrophils in the human body is divided 

between a circulating and a marginal pool of neutrophils (Witko-Sarsat et al. 2000). The circulating 

pool is mostly present in the larger blood vessels, and the marginal pool consists of stored 

neutrophils in more narrow capillaries, such as pulmonary capillaries (Peters 1998). The neutrophil 

can therefore have an immune surveillance function, but can also rapidly transition between a 

circulating state and an extremely adhesive state when activated by inflammatory signals from 

inflamed tissues. The neutrophil is the first cell to migrate and arrive at the site of an inflammation, 

arriving hours before lymphocytes or monocytes (Witko-Sarsat et al. 2000). The adhesion and 

extravasation of neutrophils to inflamed tissues involves the combination of different chemokines 

and cytokines.  

 

Their ability to migrate through endothelial layers and reach the site of inflammation starts with a 

rolling process, where the neutrophils are anchored to the endothelium of blood vessels by 

interacting with L-, E- and P-selectins (Sundd et al. 2011). The adhesion of neutrophils to P- and E-

selectins will cause the neutrophil to adhere loosely to the endothelium, a process called tethering. 

Once adhered to the epithelial surface, the neutrophil will bind more firmly to L-selectins, causing 

the neutrophil to start a rolling-step which binds it more firmly to the endothelial cells (Li et al. 

1998). The rolling step also involves E-selectins (Lawrence et al. 1993). Once firmly adhered to the 

endothelium, the neutrophils can start to transmigrate through the endothelium layer. This occurs at 

the borders of the endothelial cells, where the junctions between the cells are disorganized.  Once 

the neutrophils have transmigrated into the damaged tissue, the migration is guided by chemotaxis 

through chemoattractants such as interleukin-8 produced by damaged tissues or formyl peptides 

originating from bacteria (Witko-Sarsat et al. 2000). 

 

The neutrophil contains multiple granules and has the ability to release cytotoxic proteins from 

these granules once it has reached the site of inflammation. One of these granule-proteins is Human 

Neutrophil Lipocalin (HNL), sometimes called Neutrophil Gelatinase-Associated Lipocalin 

(NGAL) (Xu et al. 1994). HNL is a 25kDa lipocalin in its monomeric form, but can also exist as a 

45kDa dimer (Kjeldsen et al. 1993). The upregulation of HNL is primarily triggered by interleukin-

1 (Arena et al. 2010) which can be released from other immune cells such as dendritic cells or 

macrophages, and also from epithelial cells activated by bacterial infection. HNL has a very 

important role in the anti-bacterial defense by binding to iron-carriers (siderophores) in bacteria 

(Flo et al. 2004) and thereby inhibiting bacterial growth and limiting the extent of the infection.  

 

As HNL is released from neutrophils at sites of inflammation caused by bacterial infections it is a 

valuable inflammation-marker for estimating the extent of an infection, or as a specific marker for 
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differing between an acute viral or an acute bacterial infection. It has been seen that measurements 

of HNL in blood or urine could be a method with higher specificity and sensitivity to determine 

whether an infection is viral or bacterial, compared to the traditional measurements of C-Reactive 

Protein (CRP) in blood. The amount of HNL is increased during bacterial infections, but hardly ever 

increased during a viral infection (Xu et al. 1995) 

 

The eosinophil is another important granulocyte of the innate immune system. The eosinophil has a 

bilobed nucleus and is about the same size as the neutrophil although much fewer in numbers. It  

comprises 2-4% of the circulating leukocytes in healthy individuals, although the lifetime of the 

eosinophil in the circulation is only a couple of hours. The eosinophil is produced in the bone 

marrow under the influence of three important cytokines: interleukin (IL)-1, IL-3 and Granulocyte-

macrophage colony-stimulating factor (GM-CSF) (Hogan et al. 2008). The release of the eosinophil 

from the bone marrow to the circulation is triggered by IL-5 (Collins et al. 1995). Normally the 

dominant population of eosinophils is present in the gastrointestinal tract, as well as the thymus, 

mammary glands and the uterus where they play a part in local homeostasis and inflammatory 

control. The recruitment of the eosinophils to these sites is guided by eotaxin-1, and regulated by 

eosinophil chemokine receptor CCR3 (Humbles et al. 2002).  

 

In T-helper 2 (Th2)-type immune responses eosinophils can be recruited to inflammatory sites by 

the help of many different cytokines, the most important one of these being IL-5. IL-5 has also been 

shown to be an essential signal for the recruitment of eosinophils from the bone marrow into the 

lung after exposure to allergens, causing an allergic (or Th-2) reaction locally (Sanderson 1992). 

Eosinophils are activated in inflammation reactions by stimulating factors such as uric acid from 

injured tissue, or by prostaglandin (PGD)-2 from mast cells. They are also activated by proteolytic 

enzymes, mostly serine proteases, that are synthesized in different microbes, allergens and fungi 

(Miike et al. 2003).  Therefore, the levels of circulating eosinophils are elevated in allergic 

conditions, helminth infections and also in fungal infections. 

 

The eosinophil, like the neutrophil, contains large numbers of granules which in turn contain 

different pro-inflammatory proteins and cytokines (Hogan et al. 2008). Many of these pro-

inflammatory cytokines can potently induce inflammation responses in various allergic conditions 

such as allergic dermatitis or asthma (Tischendorf et al. 2000). Degranulation occurs when 

eosinophils are activated by the previously mentioned mechanisms (such as uric acid or PGD-2) but 

also eotaxin-1 and CCR3 (Bystrom et al. 2011). Eosinophils contain specific granules that are 

packed with (among others) four large basic and cytotoxic proteins (Kita 2011):  

 

• Major Basic Protein (MBP) is a highly cytotoxic protein which binds and disturbs bilipid-layers, 

or cell membranes. By doing this, MBP is toxic to helminths, tumour cells and other human cells. 

• Eosinophil Peroxidase (EPO) can generate reactive oxidants and free radicals in activated 

eosinophils - chemicals that kill a large variety of microorganisms. EPO can also bind to 

microorganisms and potentiate their killing from phagocytes. 

• Eosinophil Cationic Protein (ECP) is a member of the RNase A-superfamily. ECP has RNase-

activity which is needed for its neurotoxic and antiviral effects. 

• Eosinophil Protein X (EPX) is also a member of the RNase A-superfamily. EPX, just as ECP, have 

RNase-activity although EPX has about 100x more RNase-activity than ECP.   

 

Eosinophil protein X (also called Eosinophil Derived Neurotoxin or EDN) is very active during  

Th2-immune responses (Morioka et al. 2000). EPX is used in research as a valuable marker for 

allergic inflammation. An example of allergic inflammation is allergic asthma, where EPX is 

currently being used in research both for diagnosis of asthma and for monitoring treatment. EPX 

also functions as an alarmin for the adaptive immune system, thereby enhancing the allergic 

response (Yang et al. 2008).   
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Both HNL and EPX are currently used as biomarkers for inflammatory diseases; HNL for differing 

between an acute viral infection and an acute bacterial infection, EPX as an inflammation marker 

for different allergic inflammatory diseases such as asthma. Both HNL and EPX are excreted in the 

urine. EPX is not only excreted in patients, but also in the urine of healthy individuals (Morioka et 

al. 2000). Another important aspect of the EPX-excretion is that amounts of EPX excreted are 

dependant of circadian rhythms, with levels being highest in the first morning urine sample 

(Wolthers et al. 2003). The amount of HNL occurring normally in urine is highly individual, 

depending on a lot of factors, such as current infections or life-style.  

 

The possibility of using urine samples for measuring levels of inflammation markers is an attractive 

concept. Urine samples are readily available, non-invasive and can be collected even from very 

small children (Gore et al. 2003). Although, there are problems concerning urine samples; when 

collecting and storing urine samples the samples are often frozen or cooled, and then thawed again. 

When urine samples are frozen and then thawed precipitates and protein complexes can form. The 

protein that is to be quantified can be bound in these precipitates, and if the precipitates are removed 

by centrifugation or filtration large amounts of protein can also be removed together with the 

precipitates which will lead to a faulty quantification and a misleading analysis of the protein-

concentration in the sample. As a rule these precipitates cannot be seen with the naked eye, and an 

estimate of the amount of precipitates formed is very difficult.  

 

MAIIA-diagnostics in Uppsala, Sweden, has created a urine-precipitation-dissolvation buffer 

(UPD-buffer) which is currently being used successfully for erythropoietin-analysis of urine 

samples in doping tests (Lonnberg et al. 2008). It is believed that this UPD-buffer could also be 

used to dissolve precipitates formed in urine samples collected for analysis of HNL and EPX. The 

aim of this project was to see whether the UPD-buffer from MAIIA Diagnostics could be useful in 

the quantification and analysis of HNL and EPX in urine samples. This was established by 

comparing the results between frozen and thawed samples and fresh samples, which were either 

treated with the UPD-buffer or left untreated. The quantification method used for this project was 

two different sandwich ELISAs, one for HNL and one for EPX.  

 

 

Materials and Methods 
 

Sandwich ELISA 

 

The main method of analysis in this project was a sandwich ELISA. The mechanisms of a sandwich 

ELISA is as follows: A specific antibody is bound permanently to the bottom of ELISA-

plates/ELISA-wells. A solution containing the antigen for analysis is added to the plate in an 

unknown amount, and incubated. Unspecific proteins are then washed away, and a second specific 

antibody is added and incubated. Unbound antibody is washed away. Then a secondary antibody 

conjugated with an enzyme is added, binding to the primary antibody as the secondary antibody is 

specific for the specific/primary antibody. A substrate for the conjugated enzyme is then added after 

washing, giving off a signal as it is processed by the enzyme. This signal can be seen and quantified 

by measuring absorbance/fluorescence and calculating the concentration of the antigen added to the 

plate.  
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Gathering and grouping of samples 

 

To get materials for this project urine samples were collected from 5 volunteers at the Department 

of Clinical Chemistry at the Academic Hospital in Uppsala, Sweden. These individuals were 

randomly selected with no regard to health status. Urine samples that were to be tested for EPX 

were collected from the first morning urine, while the samples tested for HNL were collected with 

no regard to circadian rhythms. The urine samples were either frozen in aliquots, or kept in a 

refrigerator for a maximum of 5 days, the refrigerated urine samples being considered as fresh. 

 

During the experiments the urine samples were then divided into three different groups for each 

protein: 

 

- Frozen aliquots treated with UPD-buffer 

- Frozen aliquots untreated with UPD-buffer 

- Fresh aliquots treated with UPD-buffer 

 

It is important to note that the samples were not treated with UPD-buffer before freezing of the 

aliquots, but was added after thawing of the samples just before the experiment. 

 

The layout of one experiment was that different groups were compared to each other, such as frozen 

aliquots that had been treated with UPD-buffer were compared to frozen aliquots that had not been 

treated with UPD-buffer. The different samples were typically run in four wells or more in the 

sandwich ELISA described below, with each of these ELISAs being run typically three times. 

 

Preparation of samples 

 

At the beginning of each experiment the samples that were to be treated with UPD-buffer (kindly 

provided by MAIIA-diagnostics, Uppsala, Sweden) were diluted 9 parts sample to 1 part UPD 

buffer - typically 90 µl of sample with 10 µl of UPD-buffer - and incubated for 10 minutes in room 

temperature. The untreated samples were centrifuged for 5 min at 1000 rpm, and the supernatant 

used. After preparation the samples were diluted with an assay diluent (see the section Buffers and 

antibodies below) to the appropriate concentrations. The samples that were to be analyzed for EPX 

were typically diluted 50x, while the samples that were to be analyzed for HNL were diluted 80x.  

 

Sandwich ELISA, EPX and HNL 

 

A sandwich ELISA was performed, using pre-coated plates (Mercodia, Uppsala, Sweden). The 

samples were added to the plate and incubated for 60 min in RT. The plate was then washed using a 

Anthos Fluido plate-washing machine with a washing buffer consisting of PBS with 0,05% Tween. 

The primary antibody solution (see the section Buffers and antibodies below) was added to the plate 

using a multipipette and incubated for 60 min in RT. The plate was then washed using the same 

washing buffer as mentioned above.  

 

A secondary antibody/conjugate solution (see the section Buffers and antibodies below) was added 

to the plate using a multipipette and incubated in RT for 30 min for HNL or 60 min for EPX. The 

plate was then washed. A substrate (see the section Buffers and antibodies below) was added to the 

plate and incubated in RT for 10 min, and the reaction was stopped using 1M H2SO4. The 

absorbance in the wells was immediately read at 450 and 550nm. 
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Buffers and antibodies 

 

Assay diluent 

HNL: 0,1% Tween, 0,05% CTAB (Merck), 0,2% BSA (Sigma), 0,01M EDTA (tritriplex III) 

(Merck) and 0,02% NaN3 (Merck).   

EPX: 0,05% Tween, 0,1% CTAB (Merck), 0,2% BSA (Sigma), 0,01M EDTA (tritriplex III) (Merck) 

and 0,02% NaN3 (Merck). 

The assay diluents were filtered through a 0,2 µm filter and kept refrigerated between experiments. 

 

Primary antibody 

HNL: anti-HNL monoclonal mouse IgG 764 (Diagnostics Development), biotinylated. Diluted 4,4 

μl antibody in 11 ml of filtered PBS for a full plate. 

EPX: anti-EPX monoclonal mouse IgG 616 (Diagnostics Development). Diluted 81,5 μl antibody in 

11 ml of filtered PBS for a full plate. 

 

Secondary antibody/Conjugate 

HNL: Avidin-HRP (Horseradish Peroxidase) together with a conjugate buffer StabilZyme HRP 

(SurModics, Eden Praire, USA). Diluted 5,5l of conjugate in 11 ml of conjugate buffer for a full 

plate.  

EPX: Polyclonal Rabbit Anti-Mouse Immunoglobulins/HRP (Dako Denmark, Glostrup, Denmark). 

Diluted 5,5L in 11 ml of filtered PBS for a full plate. 

 

Substrate 

3, 3', 5, 5'-Tetramethyl-benzidine liquid substrate for ELISA (Sigma). 

 

Measurements of urinary creatinine 

 

The levels of urinary creatinine were measured in the samples that were to be tested for EPX at the 

routine lab at the Department of Clinical Chemistry at the Academic Hospital, Uppsala, Sweden.  

 

Statistics 

 

All statistical methods were performed using Microsoft Excel 2007. 

- Students T-test was used to see differences in individuals when comparing treated/untreated or 

fresh/frozen samples. p<0.05 was considered significant. 

- 95% CI for all groups. 

- Standard deviations. 

- Scatter plots to clearly illustrate the results. 

- Bar charts for each group. 
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Results 
 

HNL 
 

The analysis of HNL was divided into two parts. One experiment using frozen and thawed urine 

samples that were either treated with UPD-buffer or left untreated as a reference. The other 

experiment compared fresh samples to frozen and thawed samples with both being treated with 

UPD-buffer. Samples were collected with no regard to circadian rhythms. 

 

The results of the first experiment, using frozen and thawed urine, are shown in the upper part of 

table 1 and a scatter plot of the results can be seen in figure 1. The samples are numbered 1, 2 and 3. 

Sample 1 was run 14 times, giving a mean concentration of 40,66 ng/ml for the samples not treated 

with UPD-buffer and a mean concentration of 44,61 ng/ml for the samples treated with UPD-buffer. 

Sample 2 was run 12 times giving a mean concentration of 19,66 ng/ml for samples not treated with 

UPD and a mean concentration of 20,27 ng/ml for samples treated with UPD-buffer. Sample 3 was 

run 15 times giving a mean concentration of 0,87 ng/ml for samples not treated with UPD and a 

mean concentration of 0,99 ng/ml for samples treated with UPD-buffer.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 1. A summary of the statistics of HNL. Mean indicates the mean concentration of n number of 

experiments. The CV% is calculated, as well as a 95% CI for each group and individual. The p-value 

(p<0.05 is considered significant) for each sample is also indicated as calculated by a student’s t-test. 

 

The mean values for the concentration of HNL in urine ranged from 0,869 ng/ml for sample 3 to 

44,61 ng/ml for sample 1. There was a statistically significant difference between the treated 

samples and the untreated samples in sample 1 (p=0,017) and sample 3 (p=0,004), with values 

being higher after treatment with the UPD-buffer. There was not a statistically significant difference 

in sample 2 (p=0,395). Unfortunately there are no reliable reference intervals for the normal mean 

concentration of HNL in healthy individuals at this time. 

 

The second experiment, comparing fresh samples to frozen samples with all samples treated with 

UPD-buffer, are shown in the lower part of table 1 and a scatter plot of the experiment can be seen 

in figure 2. The samples are numbered 4, 5 and 6. Sample 4 was run 12 times, giving a mean 

concentration of 5,13 ng/ml for the fresh samples treated with UPD-buffer and a mean 

concentration of 7,04 ng/ml for the frozen samples treated with UPD-buffer. Sample 5 was run 13 

times giving a mean concentration of 29,36 ng/ml for the fresh samples treated with UPD-buffer 

and a mean concentration of 31,66 ng/ml for the frozen samples treated with UPD-buffer. Sample 6 

was run 13 times giving a mean concentration of 32,90 ng/ml for the fresh samples treated with 

 

Sample 
 

Mean n CV% 95%CI p 

1 -UPD 40,66 14 17% 37,09-44,23 0,017 

1 +UPD 44,61 14 19% 40,11-49,11 

 2 -UPD 19,66 12 12% 18,30-21,02 0,395 

2 +UPD 20,27 12 18% 18,17-22,36 

 3 -UPD 0,87 15 7% 0,84-0,90 0,004 

3 +UPD 0,99 15 12% 0,92-1,05 

 4 fresh +UPD  5,13 12 23% 4,47-5,79 0,056 

4 frozen +UPD 7,04 12 34% 3,79-6,48 

 5 fresh +UPD 29,36 13 6% 28,38-30,34 0,0008 

5 frozen +UPD 31,66 13 5% 30,73-32,58 

 6 fresh +UPD 32,90 13 10% 31,16-34,63 4,1E-07 

6 frozen +UPD 60,97 13 17% 55,46-66,48 
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UPD-buffer and a mean concentration of 60,97 ng/ml for the frozen samples treated with UPD-

buffer. 

 

There was a statistically significant difference in sample 5 (p=0,0008) and sample 6 (p=4,1E-07), 

with levels being higher in the frozen samples compared to the fresh samples. There was not a 

statistically significant difference in sample 4 (p=0,056). 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1. Scatter plot showing the distribution of HNL-concentrations of frozen samples +/- UPD. The plot 

to the left describes the distribution of samples -UPD for samples 1, 2 and 3. The plot to the right describes 

the distribution of samples +UPD for samples 1, 2 and 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Scatter plot showing the distribution of HNL-concentrations of fresh or frozen samples +UPD. The 

plot to the left describes the distribution of fresh samples +UPD for samples 4, 5 and 6. The plot to the right 

describes the distribution of frozen samples +UPD for samples 4, 5 and 6. 
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EPX  

 

The analysis of EPX was designed identically to the analysis of HNL - it was divided into two parts. 

One experiment compared frozen and thawed urine samples that were treated with UPD-buffer to 

frozen and thawed urine samples left untreated as a reference. The other experiment compared fresh 

samples to frozen and thawed samples where both were treated with UPD-buffer. It is important to 

note that the samples for EPX were collected from the first morning urine. All samples that were to 

be tested for EPX were correlated to the urinary creatinine (u-Crea) of the sample to eliminate the 

variable of the glomerular filtration rate of the individual. This makes the quantification more 

correct, as the water-intake of the individual is taken into consideration, which gives a more 

realistic view of the protein concentration in the sample: 

 

• Sample 7: 10,82 mmol/L 

• Sample 8: 9,47 mmol/L  

• Sample 9: 11,82 mmol/L 

• Sample 10: 3,44 mmol/L 

• Sample 11: 8,34 mmol/L  

• Sample 12: 8,90 mmol/L 

 

The results of the first experiment, using frozen and thawed urine, are shown in the upper part of 

table 2 and a scatter plot of the results can be seen in figure 3. The samples are numbered 7, 8 and 9. 

Sample 7 was run 15 times, giving a mean concentration of 32,80 μg/mmol Crea for the samples 

not treated with UPD-buffer and a mean concentration of 48,09 μg/mmol Crea for the samples 

treated with UPD-buffer. Sample 8 was run 14 times giving a mean concentration of 78,39 μg/mmol 

Crea for samples not treated with UPD and a mean concentration of 79,16 μg/mmol Crea for 

samples treated with UPD-buffer. Sample 9 was run 15 times giving a mean concentration of 28,85 

μg/mmol Crea for samples not treated with UPD and a mean concentration of 31,56 μg/mmol Crea 

for samples treated with UPD-buffer. A reference value for the concentration of EPX in healthy 

individuals (established from 313 individuals) is around 61 μg/mmol Crea. (Gore et al. 2003). 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Table 2. A summary of the statistics of EPX. Mean indicates the mean concentration of n number of 

experiments. The CV% is calculated, as well as a 95% CI for each group and individual. The p-value 

(p<0.05 is considered significant) for each sample is also indicated as calculated by a student’s t-test. 

 

There was a statistically significant difference between the treated samples and the untreated 

samples only in sample 7 (p=1,06E-07), with levels being higher in the samples treated with the 

UPD-buffer. Sample 8 (p=0,854) and sample 9 (p=0,055) showed no statistically significant 

 

Sample 
 

Mean n CV%  95%CI p  

7 -UPD 32,80 15 20% 29,00-35,56 1,06E-07 

7 +UPD 48,09 15 10% 46,35-49,82 

 8 -UPD 78,39 14 16% 71,91-84,87 0,854 

8 +UPD 79,16 15 12%  74,18-84,14 

 9 -UPD 28,85 15 15% 26,62-31,09 0,055 

9 +UPD 31,56 15 13% 29,53-33,6 

 10 fresh +UPD 63,91  15 5% 61,28-66,54 0,399 

10 frozen +UPD 62,99 15 8% 61,35-64,62 

 11 fresh +UPD 73,32 14 6% 71,23-75,41 0,016  

11 frozen +UPD 68,64 14 5% 66,39-70,89 

 5 fresh +UPD 67,98 14 6% 66,07-69,90 4,09E-05  

5 frozen +UPD 61,04 14 5% 58,99-63,08 
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difference between the treated and the untreated samples. 

 

The second experiment, comparing fresh samples to frozen samples with all samples treated with 

UPD-buffer, are shown in the lower part of table 2 and a scatter plot of the results can be seen in 

figure 4. The samples are numbered 10, 11 and 12. Sample 10 was run 15 times, giving a mean 

concentration of 63,91 μg/mmol Crea for the fresh samples treated with UPD-buffer and a mean 

concentration of 62,99 μg/mmol Crea for the frozen samples treated with UPD-buffer. Sample 11 

was run 14 times giving a mean concentration of 73,32 μg/mmol Crea for the fresh samples treated 

with UPD-buffer and a mean concentration of 68,64 μg/mmol Crea for the frozen samples treated 

with UPD-buffer. Sample 12 was run 14 times giving a mean concentration of 67,98 μg/mmol Crea 

for the fresh samples treated with UPD-buffer and a mean concentration of 61,04 μg/mmol Crea for 

the frozen samples treated with UPD-buffer. 

 

There was a statistically significant difference between the frozen and fresh samples treated with the 

UPD-buffer in both sample 11 (p=0,016) and sample 12 (p=4,09E-05), with levels being higher in 

the fresh samples compared to the frozen samples. Sample 10 (p=0,399) showed no statistically 

significant difference between the treated and the untreated samples.  

 

 

  

 

 

 

 

 

 

 

 

 

 
 

Fig. 3. Scatter plot showing the distribution of EPX-concentrations of frozen samples +/- UPD. The plot to 

the left describes the distribution of samples -UPD for samples 7, 8 and 9. The plot to the right describes the 

distribution of samples +UPD for samples 7, 8 and 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 4. Scatter plot showing the distribution of EPX-concentrations of fresh or frozen samples +UPD. The 

plot to the left describes the distribution of fresh samples +UPD for samples 10, 11 and 12. The plot to the 

right describes the distribution of frozen samples +UPD for samples 10, 11 and 12. 
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Discussion 

 

When looking at the results from these experiments it is evident that the UPD-buffer works for both 

HNL and EPX. When comparing the frozen and thawed samples to the fresh samples there was a 

statistically significant difference with protein levels being higher in the frozen and thawed samples 

in two out of three individuals for HNL. For EPX, the levels were higher in the fresh samples that 

had not been frozen, with a statistically significant difference for two out of three individuals. This 

marks an interesting difference between the two proteins. 

 

It is clear that there are a lot of individual variations in whether or not the UPD-buffer makes a 

difference when analyzing the levels of protein in the urine samples. This is probably due to the fact 

that there are individual variations in how much precipitates are formed in the urine. The formation 

of precipitates depends for example on the pH of the urine, the protein composition in the urine and 

a difference in the leakage of cells. Another factor could be that the individual in question had an 

infection or allergy at the time that the sample was collected. For example, when looking at figure 

2, sample 6, there was almost a 50% increase in HNL-concentration measured when the sample had 

been frozen and then thawed (please refer to table 1 for mean values and p-values). An explanation 

for this could be that this individual had a higher amount of neutrophils in the urine, and when the 

sample was frozen these cells lysated and released HNL. Seeing the individual variations in 

excretion of HNL, with concentrations ranging from 0,87-44,61 ng/ml it would have been useful to 

correlate for u-Crea in these samples also, as was done in the samples tested for EPX. There is not 

as much individual variation in the excretion of EPX as there is of HNL. But naturally, as EPX is 

elevated in allergic conditions and these samples were collected from volunteers - with no regard to 

their health status - during the pollen-season in Sweden there might be a slight elevation in the 

individuals that were allergic. 

 

Analyzing EPX generally seems to be problematic since there is normally a secretion of EPX in the 

urine independent of pathogenic conditions, as well as an elevation with unspecific Th2-reactions 

such as an allergy to for example birch pollen. To explain the results of the protein levels being 

generally higher in the fresh samples compared to the frozen and thawed samples one have to 

consider the structure of EPX. EPX is a very basic protein; EPX will readily stick to a lot of things, 

such as other proteins, plastics, tubes, pipettes, etc. An important factor in this is the pH of the 

urine; a lower pH will make the protein less sticky while a higher pH will make the protein more 

prone to attach itself to for example plastics. The pH of urine is normally neutral, with small 

variations depending on for example the diet of the individual.  As EPX is such a sticky protein 

large amounts of EPX could be lost in handling of the samples. Examples of this could be the 

transferring of the sample between tubes, dilution or treatment with UPD-buffer, which requires 

additional pipetting.  It is therefore important to note that the quantification of EPX in frozen and 

thawed urine samples may not be as exact as in the fresh samples. Frozen samples require more 

handling which presents more opportunities for the protein to stick to other things. In the future it 

would therefore be important to establish methods which are consequent and takes this into 

consideration. Only then a dependable and correct analysis of the protein concentration in the 

sample can be performed.  

 

Referring back to the results of the +/- UPD-buffer experiment for HNL (see table 1 and figures 1 

and 2), there is a statistically significant difference for two out of three individuals with levels being 

higher in the samples treated with UPD-buffer. The same experiment for EPX (see table 2 and 

figures 3 and 4) shows a statistical difference for one out of three individuals. It is important to note 

that the use of the UPD-buffer never lowered the protein concentration in the samples compared to 

not treating with the UPD-buffer. Therefore, the UPD-buffer could be a useful tool in general when 

analyzing urine samples, whether they have been frozen and thawed or not. The UPD-buffer clearly 
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dissolves precipitates that are there, and does not affect the samples that does not contain as much 

precipitates.  

 

Considering the new data and the new questions that have arisen, another important aspect comes to 

mind; are the quantification of these proteins - done by us and others - fully reliable? This study was 

done with very few observations and it would be useful for us to redo these experiments with more 

individuals in each group/for each protein to be able to draw any definitive conclusions. As 

mentioned above, it is important to establish consequent methods when analyzing these kinds of 

proteins and samples. As EPX is such a sticky protein, you cannot know how much of the protein is 

lost when transferring to new tubes, diluting the samples etc.. It would be useful to establish normal 

values and methods that are universally applicable, with clear explanations on for example what 

antibodies were used. Regarding antibodies it has been seen that the detection of HNL is highly 

dependent on the type of antibody used. HNL can exist in either monomers or dimers, and different 

antibodies can detect either monomers, dimers or both (Cai et al. 2010). It is therefore important to 

know which antibody you use for your experiment, and which configuration of the protein you want 

to detect. 

 

Summarizing, there are a lot of problems to be solved concerning this type of analysis and 

experiments. It would be useful to establish methods and protocols that are used everywhere and for 

every sample, as well as thoroughly researched reference intervals for each protein. The UPD-buffer 

created by MAIIA-Diagnostics can be a useful tool  in this important task.  
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