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Abstract

Biomarkers provide biological information that can help clinic personnel give more correct
diagnoses. Today, most protein biomarkers are individual proteins, that when crossing a
static concentration threshold, is said to indicate a certain disease or biological state. It
would be beneficial for future biomarker search to analyze if protein patterns and changes
of protein levels over time also could be used as biomarkers. Mass spectrometry (MS) is
capable of analyzing a broad range of proteins in a single run and this study’s aim is to
investigate and compare the potential of using whole blood, urine, and saliva together
with MS to find potential biomarkers.

Three samples each of whole blood, urine, and saliva were collected from three, healthy
non fasting individuals. The samples were collected by the individuals themselves in a
non clinic environment and the proteins were cleaved with trypsin before being analyzed
with shotgun-tandem MS. The raw data was then analyzed in MaxQuant and a list of
found proteins were compiled.

The results show that saliva had the biggest protein coverage, followed by blood
and then urine (877, 585, 194 respectively). The protein composition, between patients,
varied the most for the saliva samples, while urine and blood were similar. A total of 1146
proteins were found and 80 of those were known biomarkers. Of the 80 known biomarkers,
66 were found in blood, 53 in saliva and 32 in urine.

Blood is a known source of proteins and biomarkers but this study also proposes saliva
as a candidate for protein profiling, especially over a longer time period. That is because
of it being very low invasive, easy to sample and having a rich proteome. To see how well
the saliva proteome can be correlated to diseases in practice, is an important issue left

for future studies.
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List of Abbreviations

ACN Acetonitrile.

BSA Bovine Serum Albumin.

BV Biological Variation.

CAA 2-Chloroacetamide.

CV Coeflicient of Variation.

DBS Dried Blood Spot.

DTT Dithiothreitol.

ELISA Enzyme-Linked Immunosorbent Assay.

FA Formic Acid.

FDA U.S. Food and Drug Administration.

LC Liquid Chromatography.

MS Mass Spectrometry.

MS/MS Tandem Mass Spectrometry.

PBS Phosphate-Buffered Saline.

RCF Relative Centrifugal Field.

SDC Sodium Deoxycholate.



SRM Selected Reaction Monitoring.

TFA Trifluoroacetic acid.

TV Technical Variation.

VAMS Volumetric Absorbtive Microsampler.

w /v Weight per Volume.



1 Introduction

For each diagnosis that is placed, there is also a decision taken by clinic personnel. To help
clinic personnel gather biological information about the patients, there are biomarkers.
Biomarkers are indicators of a biological state and are capable of giving crucial informa-
tion about the state of the patient [I]. An example of biomarkers is proteins. Proteins are
part of most functions in the body and their concentrations reflects thus also the state of
the body. Proteins can be found in all tissues but it is common to search for proteins in
blood plasma. Two benefits with blood plasma are that it is considered less invasive than
taking samples from tissues while also including a wider range of proteins [2] [3]. Even
proteins, that only functions inside cells, are present in blood plasma. That is because
parts of the cell interior gets released when the cell dies. It’s likely that all diseases would
show some sign on the protein levels. That also means it would be possible to detect
the diseases if we have a good understanding of our protein levels [3]. Because of that
potential, it’s crucial to deepen our understanding of the human proteome, and improve

our protein analysis methods.

1.1 Sampling Methods

Before any analyzing can be done, samples have to be collected. One common method
to collect blood samples is dried blood spot (DBS). In DBS, the patient pierces the
skin, often a finger, and applies a few drops of blood onto a absorbent paper which
is then sent for analyzing. Advantages of DBS over venepuncture is that it is easy to
perform, cheap and does not involve risks associated with needles and syringes [2]. This
also makes it possible for patients to take blood samples themselves. A disadvantage,
however, is that depending on the individual’s blood viscosity, you get a different amount
of blood volume. Even for a blood spot with fixed size. One way to address this issue
has been by developing volumetric absorbtive microsampler (VAMS), or Mitra™ as it is

called commercially. VAMS are capable of absorbing a specific volume of a body fluid, no



matter the viscosity [4].

Even though DBS and VAMS has made it easier to extract blood compared to
venepuncture, they are still partly invasive. Urine or preferably saliva samples are even
less invasive and would be more convenient, especially over longer time periods, for the

persons sampling themselves.

1.2 Identifying Biomarkers Today

Today, protein biomarkers are often quantified using enzyme-linked immunosorbent assay
(ELISA). ELISA is a well established assay and used worldwide to give more correct
diagnoses [5]. One downside however is that each ELISA test can only measure one single
protein from each patient and when wanting to measure a new a protein a new antibody
for the ELISA test also has to be produced. Already developed ELISA tests are cost
effective but the development of new antibodies are expensive [6]. ELISA tests are also
biased in the way that they can only analyze proteins that we are already are aware of
and it can not see protein patterns [7, §|. Patterns of proteins could give more detailed
information about the state of the patient but ELISA is limited in this regard since it

only can measure individual proteins [§].

1.3 Mass Spectrometry

To get a better view of protein patterns and that way get a more thorough understand-
ing of the state of the patient, mass spectrometry (MS) can be used. MS functions by
ionizing a compound that then is put into an electric field. By analyzing how the charged
compound acts in an electric field, it is possible to determine its mass to charge ratio
(m/z) and, by comparing it to its naturally appearing heavy-isotopes, also its mass with
very high accuracy and precision [9]. The theoretical protein masses are known from our
knowledge of the human genome and how it codes proteins. If the MS detects a unique

mass peak, it is thus possible to assign the peak to a certain protein [10].



There are, however, technical difficulties of measuring whole proteins because of their
high mass. What can be done instead, is cleaving the proteins into smaller peptides [11]. It
is possible to predict what peptides will be formed since enzymes, like trypsin, can cleave
the protein in a regular manner [12]. By knowing what peptides will be cleaved from a
protein it is possible to deduce what proteins existed by only looking at the peptides [11].
Two other challenges in analyzing proteins in plasma is the dynamic range of the proteins
and the vast amount of different proteins. The range of protein concentration stretches
over 10 magnitudes, with the 22 most abundant proteins representing approximately 99%
of the plasma’s protein mass, and the amount of different proteins is approximated up to
a million [13] [14].

To address the dynamic range and the complexity of protein mixtures, different meth-
ods have been developed. Two of those methods are liquid chromatography (LC), and
tandem MS (MS/MS). LC reduces the amount of peptides the MS has to analyze at a
given time by gradually inputting the peptides, and MS/MS helps peptide analysis by
sending peptides into a second MS where more information about the peptide is provided
[15]. The method of determining proteins by cleaving them and analyzing the peptides
is called "bottom up proteomics". If you only select a narrow window of masses to ana-
lyze for the second MS in MS/MS it is called selected reaction monitoring (SRM), and
when you try to see as many different proteins as possible over a wide mass range, shot-
gun proteomics is used. Shotgun proteomics has the advantage of being able to detect
more unique proteins at cost of reproducibility. Running identical samples in shotgun
proteomics can thus give slightly different results each time. SRM is more reproducible
but you have to know in advance what masses you want to monitor and the range of
proteins that can be seen is more limited. SRM is suited for quantification of proteins
that you know is in the sample while shotgun is good for discovering and getting a broad
view of the protein content. The two methods can of course also be used in succession to

complement each other [11].



1.4 Precision Medicine

MS can detect and quantify hundreds of protein biomarkers from a single sample in a
single run. In that way, doctors do not have to prioritize what biomarkers to analyze
and more information is provided about the biological state of the patient. Having more
information about the individual also makes precision medicine easier to apply. For ex-
ample, the drug amount given to patients who are diagnosed for a particular disease
is determined experimentally. With no way of differentiating the individuals, the drug
amount becomes an average of what works best for the most people. But that does not
mean it is the best dose for everyone. Since everyone is biologically unique, we also have
slightly different protein levels. Different protein levels can, in turn, vary the optimal drug
dose. Using MS it is possible to detect each individual’s protein levels and thus create
a protein profile for each person [16]. If the drug dose experiments also includes protein
profiling of each participant, it might be possible to connect different protein profiles to
different doses. Then, new patients could get their protein levels analyzed and a more
optimal dose of drugs can be given. Similarly, it is not certain that the most commonly
used drug is optimal for everyone. One drug might be optimal to a percentage of the
patients but another drug might be optimal towards the rest. Precision medicine is about
taking individual variability into account, and mass spectroscopy can help us measure

that variability [17].

1.5 Previous Research

There are a vast amount of proteins in the body and many, but far from all, have been
identified. The human proteome project estimates that it exist a million different proteo-
forms (proteoforms includes all posttranslational modifications of a protein) and Uniprots
proteome database for Homo Sapiens lists 70 000 found proteoforms |14} [I8]. Of those 70
000, 20 000 have been reviewed by humans and the other 50 000 proteoforms are wait-

ing to be manually annotated [I8]. A little more than a hundred proteins are approved



biomarkers by the U.S. Food and Drug Administration (FDA) [19]. Blood is often used
when searching for proteins and biomarkers because of its high protein concentration but
other body fluids can also be used [20]. Studies have shown that urine biomarkers can
be used to detect kidney infection and the saliva proteome has been analyzed and some
potential biomarkers have been found [21], 22]. The body fluid samples from the above
studies were, for those who specified, collected by clinical personnel and taken from fast-
ing patients. To be able to do large scale studies of individual’s proteome, it would be
cost beneficial and reduce the strain on primary care, to let the patients send samples
from home directly to the lab. Fasting is also not an option for regular protein profiling
over a longer time and it would be more convenient for the individual and less invasive if

the patient could take saliva or urine samples instead of blood.

1.6 Aim of Study

The aim of this study is to compare the use of urine, saliva and blood to find known
and potential biomarkers using mass spectrometry, when the samples are taken by non

fasting individuals themselves in a non clinic environment.

2 Method

Before the samples are sent into the MS, the proteins needs to be extracted and cleaved.
That can be done by solid phase extraction and trypsin digestion. To be able to use the
same setup of phase extraction for all samples, the amount of peptides also had to be
similar. The protein concentrations were thus measured and different amounts of each

sample had to extracted before cleavage.

2.1 Protein Extraction

Three samples each of blood, urine, and salivia were collected from three healthy indi-

viduals (27 samples total). Each individual sent their samples from home using Mitra™



tips.

The samples were put in 1.5 ml low-binding tubes and each sample was extracted with
496 pl of Phosphate-buffered saline (PBS), 5l of 10% weight per volume (w/v) sodium
deoxycholate and 0.25pl of 1 M dithiothreitol (DTT). All samples were then incubated

at room temperature on a Rotomixer with setting uu at 60 rpm for 1 hour.

2.2 Protein Concentration Determination

The sample’s protein concentration was measured using absorption values and a standard
curve. b standard tubes and a reference (100% solvent) were made using a bovine serum
albumin (BSA) standard (16 mg/ml) diluted with a solvent mix of BIO-RAD protein
assay regent A and B (50:1, Reagent A:B). The final concentrations were between 0.1-
0.6 mg/1 and Omg/1 for the reference tube. Each standard tube had a volume of 100 pl
and was was vortexed and incubated for 30 min at 37°C. A standard curve was then made
using the absorption values from the standard tubes and linear regression.

100 1l of each sample was extracted and analyzed at 595 nm in the absorption spec-
trometer. Only 20 pl of the blood samples was extracted and then diluted to 100 pl with
the A B BIO-Rad protein assay mix to get their concentration in range of the standard
samples. 30 ug of proteins was then extracted from each sample and put in new tubes.

Each tube was diluted to 300 ul with PBS.

2.3 Peptide Sample Preparation

10% (w/v) of sodium deoxycholate (SDC) was added to each tube to a final concentration
of 1%. 1M DDT was added to a final concentration of 10 mM. The samples were then
incubated at 56°C for 30 minutes. 1M 2-chloroacetamide (CAA) was added to a final
concentration of 50 mM and the samples were then placed in the dark for 30 minutes.
1.5 pg trypsin (modified, MS-Grade, from Thermo Scientific) was then added to make a

1:20 protein ratio and the samples were incubated at 37°C over the night. The digestion



was quenched with 10% trifluoroacetic acid (TFA) to a final concentration of 0.5% volume
concentration. The SDC was then let to percipitate for 30 minutes at room temperature.

All samples was then centrifuged at 370 relative centrifugal field (RCF) for 5 minutes.

2.4 Solid Phase Extraction

All centrifuge steps in the following paragraph was done with 2000 RCF for 5 minutes.

For each sample, stage tips with 6 layers of Empore octadecyl C18 47 mm extraction
disks were prepared. All stage tips were centrifuged after each of the following steps: the
C18 layers were activated with 50 ul of 100% acetonitrile (ACN), and the tips were then
treated with 50 pl 0.1% TFA. The pH was checked to be below 3, and the samples with the
digested proteins were added into each stage tip and all stage tips were centrifuged. All
samples were then washed 2 times with 80l of 0.1% TFA and then eluted 2 times with
30l of 80% ACN and 30 pl of 0.1% of formic acid (FA). All stage tips were centrifuged
after each wash and elution. The eluted peptides were then speed evaporated for 20 min
at 45°C. The samples were then resuspended in 30 pl of 3% ACN, 0.1% FA and 96.9%
water for MS analysis.

6 ng each of the 27 peptide samples were analyzed in LC-MS/MS and all mass spectras
were processed via the MaxQuant software to give a list of potential proteins and peptides
in the respective samples. The protein lists were then analyzed and compared against

themselves and against a list of already known biomarkers. This is shown in section 3.

3 Results

A total of 1146 proteins were found in the 27 samples. The 27 samples consisted of nine
blood, nine saliva and nine urine samples and those samples came from three different
patients who all gave three of each. Figure 1 shows the distribution of the number of
proteins in the categories: blood, saliva and urine. The graph shows that the saliva samples

included the most amount of different proteins (877) followed by blood (585), and urine



(194). Saliva was also the sample that had the most amount of different proteins that
were found in that sample only (463). There was an overlap of 292 proteins between saliva
and blood and a common overlap of 85 proteins between all samples. For a protein to be

counted, it had to be present in 1 or more of the 9 samples in a category.

Saliva proteins

463

Figure 1: Distribution of proteins between blood, saliva and urine

The proteins of each category is shown in figures 2-4 and are sorted after intensity
from highest to lowest. The intensity can be used to see relative concentration between
proteins and it stretches between 6 magnitudes of order. Figure 2,3 and 4 represents 585
proteins found in blood, 877 proteins found in saliva and 194 proteins found in urine
respectively. Of those proteins, 66 were approved or known biomarkers found in blood,
53 were found in saliva and 32 in urine. The distribution and overlap of approved and
known biomarkers are shown in figure 5. 42 of the 66 biomarkers found in the blood could

also be detected in the saliva and 26 of those 66 in urine.
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Figure 5: Distribution of found and known biomarkers between blood, saliva and urine
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Table 1 shows an excerpt of a table that is linked in the appendix. The table shows the

abundance of approved or known biomarkers in the different patients and samples. Table

2 is an extract of the same table but shows some of the biomarkers that were only found

in the saliva or urine samples. The complete table also includes the biological variation

between each patient for each protein.

Table 1: Sample of found biomarkers and where they were found. (First digit represents in
the number of patients the protein was found and the second digit after the / represents
the number of samples where the protein was found)

Blood | Saliva | Urine | Uniprot name FDA protein name
3/7 3/9 0/0 P00338 Lactate Dehydrogenase Liver Fraction (LLDH)
3/9 3/8 2/4 P00450 Ceruloplasmin
1/3 | 0/0 | 0/0 P004S8 Factor XIII
3/9 0/0 3/9 P00734 Factor II Activity Assay, Plasma
3/9 0/0 0/0 P00736 Complement C1
3/9 3/9 1/3 P00738 Haptoglobin
3/9 2/3 1/1 P00747 Plasminogen
3/9 0/0 0/0 P00748 Factor XII Activity Assay, Plasma
3/9 3/5 0/0 P00751 PROPERDIN FACTOR B

2/2 P01008

3/9

0/0

ANTITHROMBIN III (ATTII)

Table 2: Sample of biomarkers only found in saliva or urine. (First digit represents in the
number of patients the protein was found and the second digit after the / represents the
number of samples where the protein was found)

Blood | Saliva | Urine | Uniprot name FDA protein name
0/0 3/9 3/9 P01034 Cystatin C
0/0 0/0 3/9 P01133 Epidermal Growth Factor
0/0 3/9 0/0 P06731 Carcinoembryonic Antigen (CEA)
0/0 3/8 0/0 PO8727 CYFRA 21-1 (Soluble Cytokeratin 19 Fragment)
0/0 3/5 2/6 P15309 Prostatic Acid Phosphatase (PAP)
0/0 3/9 0/0 P18510 Interleukin-1 Receptor Antagonist
0/0 3/9 0/0 P29508 Squamous Cell Carcinoma Antigen, Serum

Table 3 and 4 shows the technical and biological variation respectively. The technical

variation is equal to the coefficient of variation (CV) over the samples that were taken

from the same patient and category. The biological variation is also equal to the CV but

taken over the different patients.
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Table 3: Mean technical variation (TV) for the three samples that each patient sent in
each category

Sample name TV
Blood | 62.3%
Patient 1 Saliva | 71.9%
Urine | 63.9%
Blood | 43.3%
Patient 2 Saliva | 53.6%
Urine | 49.8%
Blood | 19.7%
Patient 3 Saliva | 27.2%
Urine | 23.1%

Table 4: Mean biological variation (BV) for the three patients in each category

Sample category ‘ BV

Blood 42.0%
Saliva, 78.8%
Urine 49.1%

4 Discussion

The highest biological variation, between patients, was found in the saliva tests. The
biological variation numbers are shown in table 4, but they should not be analyzed too
strictly. That is because the biological variation is affected by the technical variation,
which is noticeably high in shotgun proteomics (the technical variation is necessary when
wanting to profile samples with unknown proteins). That combined with only including
three patients makes the biological variation values just approximates. There is, however,
a big difference of 30% units between saliva and the other two categories. That means
it is still quite certain that the variation is higher in the saliva. Experiments using other
MS methods, such as SRM, would have to be used to determine the biological variation

more exactly by delivering more accurate and precise data.

4.1 Technical Variation

Shotgun proteomics has a noticeable technical variation compared to other MS methods.

What is interesting, is that the variation is not the same for each triplet of samples.

14



Each patient sent 9 samples, 3 each of blood, saliva, and urine. 3 samples from the same
patient and category is called a triplet. Each triplet should be close to identical, since the
patients took the three samples of the triplet at the same time. The technical variation
over the samples in a triplet should thus also be the same for all triplets. What is seen
in table 3 is that, as predicted, each patient indeed has similar technical variations in
each triplet of blood, saliva, and urine. There is, however, a clear difference between the
patients. Patient 1 has technical variations around 60-70% while patient 3 has technical
variations around 20-30%. This is probably the result of bad sampling technique, storage

differences and other biasing factors that has interfered for some of the patients’ samples.

4.2 Identifying Known Biomarkers

Saliva was the test with the most amount of proteins. It had almost 300 hundred more
than blood (877 against 585), but blood was still the sample that covered most known
biomarkers (66 against 53). Two possible reasons for that might either be that saliva
is not as a reliable source of biomarkers as blood, or that most biomarker studies have
been done with blood samples and thus also mostly found biomarkers that are present in
blood.

With saliva samples covering 64% of the proteins found in the blood samples, it
seems likely that saliva could be used to replace blood in search of certain biomarkers.
The documented concentration thresholds for known biomarkers needs, however, to be
reevaluated from blood to saliva. It is also not certain that known correlations between
a protein and a disease is applicable in both blood and saliva. Future studies has to
examine the saliva proteome in connection to diseases to determine it’s effectiveness,
finding new threshold values and finding protein patterns that have correlations to the

patients’ health.
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4.3 Identifying Alternative Biomarkers

Figures 2-4 show greyed out proteins. These are proteins that are not known biomarkers.
But that none of those 1066 greyed out proteins, seen in figures 2-4, would be able to
give valuable information about the state of a patient, is unlikely. The known biomarkers
covers only 80 of the 1146 proteins that was found in this study. Many proteins might
not individually have a strong enough correlation to a disease to be used as separate
biomarkers. It is, however, possible that relationships between different proteins could
create protein patterns that could be correlated to a disease. It would also be of interest
to profile proteins over time. That way, it would be possible to see if certain protein
changes, or changes of multiple protein relations, can be correlated with biological states.

It is especially important to measure proteins over time for proteins with high vari-
ation between individuals. Those proteins are in the current system not very valuable
biomarkers because it is difficult to draw conclusions from proteins with high individual
variation when only measuring one patient’s protein levels once. That does not mean,
however, that proteins with high biological variation can not be used as biomarkers. It
only means that static thresholds can not be used and instead, the thresholds has to be
relative to the individual. The change in protein concentration, relative to the patient’s

normal values, might then be correlated to a disease.

5 Conclusion

It is important to monitor protein levels over time to find new correlations between
protein levels and biological states. This study proposes that saliva samples might be
favorable over blood when conducting protein profiling over a longer time. Saliva samples
covered a broad range of proteins, while also being less invasive than blood, and easier
to sample for the research participants themselves. By making the participants sample
themselves, stress is lifted from the clinics and costs are reduced. MS is a suitable method

for analyzing the samples since it can analyze and quantify a broad range of proteins in
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a single run. By measuring a broad range of proteins it would be possible to not only
correlate individual proteins to diseases but also patterns of proteins, and by measuring
over time it might also be possible to correlate changes of protein patterns to diseases.
With improved knowledge about the correlation between protein patterns and the
individual’s biological state, it would be possible to provide a more individualized, and

optimal health care.
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Appendix

The following files can be found in the Github repository: The data provided from the
mass spectrum directly after MaxQuant analysis. The complete summary table of all
found biomarkers with their presence in the different patients and samples. Biomarker
tables that were used for biomarker comparison. R code that provided the data for the
graphics and tables found in the paper. https://github.com/HugoSave/Investigatio

n-of-potential-biomarkers-supplementary-data
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