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4 
Exploratory synovial fluid peptidomics for 
the study of osteoarthritis 
 

Abstract 
Synovial fluid is likely to contain markers for early disease diagnosis and 
progression in degenerative joint diseases such as osteoarthritis. For those diseases, 
endogenous peptides may be of special interest, as they are protein degradation 
products (reflecting proteins present and protease activity) as well as bioactive 
compounds involved in signaling and communication. We report here the dedicated 
analysis of endogenous peptides in human synovial fluid samples from donors with 
osteoarthritis (OA), rheumatoid arthritis (RA), and from controls, by means of 
sensitive nanoLC coupled to high resolution mass spectrometry. In total ~1000 
peptide features were compared among all samples and principal component 
analysis revealed clustering of the three groups. While fibrinogen fragments 
contributed considerably to this grouping, significant disease associated alterations 
were also found in the levels of peptide fragments derived from collagens (I, II, III), 
osteopontin, kininogen, complement components 3&4, serum amyloid A, and 
various histones.  Amongst the most interesting findings was that levels of the pain 
and inflammation mediator bradykinin and its hydroxylated form were elevated in 
OA, when compared to control and RA. This study represents state-of-the-art 
analytical approaches in peptidomics research and pinpoints novel directions of 
research for its continued development. 
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1. Introduction 

Osteoarthritis (OA) is a degenerative joint disease that is characterized by 
progressive cartilage destruction and bone changes, occasionally 
accompanied by synovial inflammation (1). A variety of risk factors are 
known to predispose to the development of OA, including age, gender, bone 
density, obesity, joint injury and nutritional factors. Despite the growing 
knowledge on the pathogenesis of OA, its etiology is still not clear and 
effective disease-modifying treatment is lacking; existing therapies primarily 
comprise analgesics.  

Whereas multiple biological mechanisms with potential involvement in OA 
pathology have been studied, most studies focus on a single molecular event 
or pathway that trigger or perpetuate cartilage degradation. These studies 
provided enormous amounts of new insights into the workings of the disease, 
but the lack of adequate treatment and diagnostics still persists. It is therefore 
worthwhile to ‘cast a wider net’ by using ‘omics’ approaches, which allow 
the study of new disease mechanisms and new levels of biological 
information. Through this approach it is thought that new biomarkers for OA 
by which diseases progression and efficacy of treatment can be accurately 
assessed, can be elucidated (2).  

One particularly interesting level of biological information for OA, which 
has been largely ignored thus far, is that of the endogenous peptides (<10 
kDa or 100 amino acids). The study of these endogenous peptides is called 
peptide profiling or peptidomics. This is in contrast to proteomics that 
generally deals with large proteins (> 10 kDa). In a peptidomics experiment 
the endogenous peptides are extracted from the sample of interest, and 
subsequently analyzed in an unprocessed manner (no additional digestion 
with a protease) using for example LC-MS. The peptides are endogenous 
degradation products of proteins and consequently their analysis provides a 
comprehensive view of the actual protease activity in the sample. In addition, 
peptides are known bioactive compounds that are involved in signaling and 
communication (for example, hormones, growth factors, and cytokines). 
Examples of existing peptide biomarkers in various disease areas are 
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collagen telopeptides (e.g. CTX-II) for OA, osteocalcin for osteoporosis, and 
Pro-GRP for small-cell lung cancer (3).   

A number of analytical methods have been reported for peptide profiling in 
serum, plasma, and cerebrospinal fluid (CSF). For example, using μLC-MS, 
340 low molecular mass proteins could be identified in serum (4). In another 
study, 804 serum peptides were identified, belonging to 359 proteins (5).  

In this work no enzymatic digestion was used, and therefore, proteolytic 
activity could be described by analyzing peptide cleavage sites. In a CSF 
peptide profiling study, 20 peptides were identified, originating from 12 
unique proteins of which 4 were known to be associated with CNS disorders 
(6). Svensson et al. identified some 20 novel neuropeptides from mouse and 
hypothalamic extracts using ultrafiltration and nanoLC-MS (7).  

As both degradation and signaling play an important role in OA pathology, 
the study of endogenous peptides is likely to increase our understanding of 
the disease and reveal potential biomarkers. While targeted approaches for 
the detection of collagen type II neoepitope peptides by an immunoaffinity 
LC-MS2 assay and for serum amyloid A-derived peptides by LC-MS have 
been reported in literature (8;9), we were the first to report an analytical 
platform for the comprehensive, untargeted profiling of endogenous peptides 
in synovial fluid (SF, joint fluid) (10). With this platform, endogenous 
peptides can effectively be extracted from the highly viscous SF using a 
combination of ultrafiltration and SPE, followed by sensitive nanoLC-MS 
analysis. In the current paper we present an explorative peptidomics study, 
using OA, rheumatoid arthritis (RA, an inflammatory joint disease), and 
control samples. This study provides for the first time a view of the disease-
related endogenous peptide content in synovial fluid. This could provide 
additional insight into the pathophysiologies of OA and RA and could 
eventually lead to novel biomarkers. 
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2. Materials and methods  

2.1. Chemicals. ULC/MS grade acetonitrile (ACN), formic acid (FA, 99%) 
and ULC/MS grade water (for nanoLC analysis) were purchased from 
Biosolve (Valkenswaard, the Netherlands). TFA (99%) was purchased from 
Sigma (St. Louis, Missouri). Dimethyl sulfoxide (DMSO) and ammonium 
bicarbonate were purchased from Baker (Deventer, the Netherlands). 
Ultrapure water (5.5 µS/m), used for sample preparation, was obtained from 
a Milli-Q gradient A10 system (Millipore, Bedford, Massachusetts). The 
high purity peptides bovine adrenal medulla dodecapeptide (BAMD), 
[Val5]-angiotensin I human, [Asn1, Val5]-angiotensin II, antiflammin-2, and 
ranakinin were obtained from Sigma (St. Louis, Missouri, USA), and syntide 
2, myomodulin, kassinin, and C-peptide from Genscript (Piscataway, New 
Jersey, USA). 

2.2. Synovial fluid samples. Synovial fluid (SF) samples were obtained 
from the knees of patients with osteoarthritis (OA, during surgery), 
rheumatoid arthritis (RA, via arthrocentesis), and from individuals without a 
joint disease (post mortem) and were stored at -80 °C. All procedures were 
conducted according to local ethical standards.  

2.3. Sample preparation. The SF sample preparation procedure was 
based on our previously published method (10). Briefly, fifty microliters of 
each thawed SF sample was diluted with 330 µl 50 mM ammonium 
bicarbonate solution pH 8, containing 5% DMSO. To this, 20 µl of a 10% 
DMSO solution was added, containing 200 nmol/L of each of the internal 
standards BAMD, [Val5]-angiotensin I human, [Asn1, Val5]-angiotensin II, 
myomodulin, ranakinin, kassinin, and C-peptide. The samples were then 
centrifuged for 10 min at 14 000g and 4 °C to remove debris, after which the 
supernatant of each sample was transferred to a pre-washed ultrafiltration 
device (Microcon YM-30, Millipore, Bedford, Massachusetts) with a 
nominal molecular mass limit of 30 kDa, followed by centrifugation at 10 
000g for 50 min at 4 °C. Subsequently 100 µl of the ammonium bicarbonate 
solution was added on top of the membrane to wash the residual material and 
to extract remaining peptides, after which the device was centrifuged again 
for 10 min. The resulting filtrate of about 500 µl was acidified with 50 µl 10% 
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TFA and SPE was performed with POROS R2 C18 96 wells filter plates 
(Glygen, Columbia, Maryland) according to the manufacturer’s instructions; 
the peptides were eluted with 70% ACN containing 0.1% TFA.  

The eluates were then lyophilized, reconstituted in 20 µl of a Milli-Q 
solution with 5% FA and 5% DMSO and 200 nmol/L of each of the internal 
standard peptides syntide 2 and antiflammin-2 (11), and subsequently stored 
at -80 °C until analysis. 

2.4 Reversed-phase nanoLC-MS. To assess the analytical performance 
of the platform during the analysis of the series of samples, multiple 
analytical duplicates for samples in each of the three groups (OA, RA, 
control) were analyzed. In addition, a quality control (QC) sample (from a 
single donor, of which large quantities were available) was analyzed at 
regular intervals (every ninth analysis) during the sample series.  

For separation an Ultimate 3000 pump system (LC Packings, Amsterdam, 
the Netherlands) was used, in combination with an LTQ XL-Orbitrap mass 
spectrometer for the profiling experiment (see Figure 1 for a typical 
chromatogram) and an LTQ-FTICR mass spectrometer for the identification 
experiment (Thermo Scientific, San Jose, California). To have an efficient 
nanoLC-MS system, the system's dead volume, both between the precolumn 
and column (pre-column dead volume) and after the column (post-column 
dead volume) was minimized. This was achieved by using a Dean's 
switching setup as described by Meiring et al (12). In our particular case 2 μl 
of sample was loaded onto a precolumn (0.1 x 20 mm, 5 μm C18 particles; 
NanoSeparations, Nieuwkoop, the Netherlands) with a flow rate of 5 μl/min 
using 0.1% FA. After loading and washing for 5 min, the precolumn and 
column (0.05 x 270 mm, 3 μm BioSphere C18 particles, NanoSeparations) 
were switched in series and the peptides were eluted with a flow rate of 
about 150 nl/min into the mass spectrometer via a small gold and carbon 
sputtered spray-tip (NanoSeparations), to which the voltage is applied. In 
this setup the outlet of the column and the spray-tip are directly connected to 
each other, resulting in a post-column dead volume of as little as 5 nl.  
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The elution was performed with a linear gradient of 30 min, running from 
100% solvent A (0.1% FA in H2O) and 0% solvent B (0.1% FA in ACN), to 
55% v/v solvent A and 45% solvent B. Before the next analysis both the 
precolumn and the column were first washed with 90% solvent B for 5 min 
and then equilibrated with 100% solvent A for 10 min. ESI and LTQ XL-
Orbitrap mass spectrometer settings for the profiling experiment were as 
follows: T, 150 °C; capillary voltage, 32 V; tube lens, 135 V; spray voltage, 
2.1 kV; multipole 00 offset, -3.5 V; intermultipole lens 0 voltage, -6 V; 
multipole 0 offset, -5 V; intermultipole lens 1 voltage, -9 V; gate lens 
voltage, -60 V; multipole 1 offset, -10 V; multipole RF amplitude, 400 V p-p; 
front lens, -5.5 V; FT main RF amplitude, 1252 V p-p; transfer multipole RF 
amplitude, 378 V p-p; storage multipole RF amplitude, 334 V p-p; ion 
energy, 1148 V; lens 1, 590 V; lens 2, 0 V; lens 3, -201 V, lens 4, 0 V; 
deflector, 284 V; control electrode, -3450 V; maximum injection time, 500 
ms; number of μscans, 1; scan range, 400-1500 m/z; data were recorded in 
centroid mode and 30 000 resolution. At this resolution a sufficient quantity 
of measurement points on an eluting peak could be sampled for accurate 
peak area determination, while also having and adequate mass accuracy. 
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Figure 1. Base peak chromatogram (A) and heat map (m/z vs. retention time) 
(B) of a typical nanoLC-MS separation of synovial fluid (Orbitrap, full scan). 
The separation took 35 minutes and the m/z range was 400-1500. The two-
dimensional graph shows the part of the separation where most of the 
peptides elute. The spot intensity in the graph is represented by gray-scale 
changes, with black being the most intense signal, and white the lowest 
signal. The average relative standard deviation of the peptides’ peak areas 
is 20%, as was calculated from the QC samples, which were analyzed at 
regular intervals during the analysis.  
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2.5. Peptide identification. For the identification of peptides an LTQ-
FTICR mass spectrometer was used. The FT settings were as follows: FT 
multipole 1 offset, 1.23 V; FT intermultipole lens 1, 114.08 V; FT multipole 
2 offset, 15.31 V; FT intermultipole lens 2, 121.68 V; FT multipole 3 offset, 
41.58 V; FT multipole 1 and 2 amplitude, 317.17 V p-p; FT multipole 3 
amplitude, 233.81 V p-p; maximum injection time, 500 ms; number of 
μscans, 1. During analysis the mass spectrometer continuously performed 
scan cycles in which first a high resolution (100 000) full scan (400-1500 
m/z) in profile mode was performed by the FT, after which MS2 spectra were 
recorded by the LTQ in centroid mode for the 3 most intense ions (isolation 
width, 4 m/z; normalized collision energy, 35% and 40%). Dynamic 
exclusion was enabled (repeat count, 1; repeat duration, 30 s; exclusion list 
size, 500; exclusion duration, 180 s; relative exclusion mass width, 5 ppm) 
as was charge state screening. Singly charged ions were not fragmented. In 
addition to the 30 min gradient as discussed in the previous section, the 
samples were separated with a 3 h gradient running from 100% solvent A 
and 0% solvent B, to 72% v/v solvent A and 28% solvent B. The obtained 
spectra were correlated with a recent version of the human FASTA database 
(November 2008) using Bioworks v3.3 (Thermo Scientific, San Jose, 
California). The following post-translational modifications were taken into 
account: C-terminal amidation; phosphorylation on S, T, and Y; 
hydroxylation on P and K; oxidation on M; pyroglutamic acid formed from 
Q or E. The following settings were used for the search engine: mass type, 
monoisotopic precursor and fragments; enzyme, no enzyme; peptide 
tolerance, 20 ppm; fragment ion tolerance, 1 AMU; number of results scored, 
250; ions and ion series calculated, B and Y; peptide matches reported, 10; 
PTMs per peptide, 3. For a peptide to be considered as identified it had to 
match the following criteria: Δppm < 5; Xcorr vs charge state (1 >= 1.8, 
2 >= 2.5, 3 >= 3.5); ΔCN > 0.1; Peptide probability < 0.5. 

2.6. Data processing.  Untargeted peak detection, peak area calculation, 
and alignment were performed with MZmine 2 (13). The following features 
and settings were used in sequence: chromatogram builder, centroid mass 
detection (noise level 2x105) and chromatogram construction (minimum time 
span 8 s, minimum height 5x104, m/z tolerance 0.003 u); deisotoping, 
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isotopic peaks grouping (m/z tolerance 0.003 u, RT tolerance 5 s, monotonic 
shape no, max charge 6, representative isotope lowest m/z); peak recognition, 
local maximum search (chromatographic threshold 80%, search minimum in 
RT range 8 s, minimum relative height 1%, minimum absolute height 5x104, 
minimum ratio of peak top/edge 2); join aligner (m/z tolerance 0.003 u, 
weight for m/z 20, retention time tolerance type absolute, absolute RT 
tolerance 75 s, relative RT tolerance 15%, weight for RT 5, compare isotopic 
pattern yes, isotope pattern score threshold level 65%, weight for isotope 
pattern score 5); filter, remove duplicates (m/z tolerance 0.003 u, RT 
difference maximum 75 s); gap filling (intensity tolerance 20%, m/z 
tolerance 0.003 u, retention time tolerance 75 s, relative RT tolerance 15%); 
filter, peak list rows filter (minimum peaks in a row 5, minimum peaks in 
isotope pattern 1, minimum m/z 400.00 u, maximum m/z 1500.00 u, 
minimum retention time 8 min, maximum retention time 28 min). 
Remaining missing values for peak areas were substituted with 50% of the 
lowest calculated peak area for that peak in any of the samples.  

Targeted peak area calculation was performed with LCquan v2.5. The peak 
areas of selected peptides were obtained from the smoothed extracted ion 
chromatograms. The following options were selected: m/z window, 25 ppm; 
trace, base peak; time window, 90 s; smoothing points, 5; baseline window, 
40; area noise factor, 5; peak noise factor, 10;  peak detection algorithm, 
ICIS; minimum peak height (S/N), 3.  

Analytical variation in the peak areas was eliminated through standardization 
by dividing the peak area of each peak by the peak area of the most closely 
eluting internal standard. Subsequently, all peaks in a sample were 
normalized with the median peak area for that sample, to compensate for 
systematic variations in concentration levels between samples.  

Statistics and visualization were performed with MATLAB R2006a (the 
MathWorks, Natick, Massachusetts) and Office Excel 2003 (Microsoft, 
Redmond, Washington). 
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3. Results  

3.1. Synovial fluid peptidomics. Synovial fluid samples were analyzed 
by nanoLC-MS from donors suffering from osteoarthritis (OA) (15 samples), 
rheumatoid arthritis (RA) (12 samples), as well as samples from controls (15 
samples). The internal standards in the QC analyses showed an average 
relative standard deviation of 20%, indicating that the platform’s functioning 
during the series was satisfactory. Untargeted peptide feature detection and 
peak area calculation were performed for all samples with the software 
program MZmine 2. This way, peak areas for 988 peptide features could be 
calculated in the chromatograms from all samples. After correcting for 
analytical and biological variation (see data processing section), variations in 
the relative levels of the endogenous peptides among the three groups were 
visualized with principal component analysis (PCA) (see Figure 2A). From 
the PCA plot constructed for the analyzed samples two conclusions can be 
derived. Firstly, the analytical duplicates are positioned closely to each other. 
This means that the analytical variation is much smaller than the biological 
variation observed. Secondly, while there is considerable overlap in the 
center, there is an apparent clustering observable between the OA, RA, and 
control groups, indicating that there are disease-specific variations in the 
relative levels of (groups of) endogenous peptides. Additionally, while the 
individual OA samples cluster closely to each other, more variation between 
the samples is observed for the RA and control groups. This could suggest 
that, for the currently used set of samples OA pathology has the least 
diversity among patients in the processes detected. 
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3.2. Characterization of the peptide features causing clustering 
of the disease groups. To learn which peptides were causing the disease 
specific clustering, we combined the information of the loadings plot from 
the PCA model with the peptide identity information gathered from the 
analyses using the LTQ-FTICR MS and database searches. A striking 
observation was that many of the identified peptides were fragments of the 
fibrinogen protein (116 fragments observed) and that some of these 
fragments were in part responsible for the clustering of the disease-specific 
groups (see Figure 2B). We found that 38% of the fibrinogen fragments with 
highest levels in the RA group were the result of cleavage N-terminal to a 
serine, versus 9% for fibrinogen fragments with highest levels in controls. 

Figure 2. Scores plot (A) and loadings plot (B) of the first two principal 
components of the PCA model. The relative position of the analytical 
duplicates in the scores plot shows that the analytical variation is much 
smaller than the biological variation, and a clustering of the samples of the 
osteoarthritis, rheumatoid arthritis and control groups is clearly observable. 
The loadings plot shows which peptide features are causing the clustering. 
Highlighted (red triangle) are the 116 features that are identified as 
fragments from the fibrinogen proteins. Although not being the only cause, 
several of these fragments are contributing to the grouping of the 
rheumatoid arthritis and control samples. 
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Apart from those derived from fibrinogen, fragments from other proteins 
were also responsible for the disease-specific grouping of the samples.  

The peak areas of these peptide features were manually verified with the 
program LCquan and were required to have a RSD <25% in the QC samples 
to be included for further (ANOVA) data analysis (see Table 1). Some 
peptide features had higher RSD values, most likely due to their low 
abundance and their peak areas are therefore not reliable enough for further 
statistical evaluation. The levels of collagen type I fragments were mostly 
lower in RA and OA compared to the control samples. Next to this, 
increased levels in the OA samples were found for peptide fragments of type 
II collagen (the main component of cartilage) and type III collagen. All but 
one of the collagen fragments have the same C-terminal sequence of 
~GPPGP, suggesting that they were cleaved (or processed after initial 
cleavage) by the same protease(s). Likewise, significant alterations in the 
concentration levels were found for fragments of osteopontin and for 
proteins involved in inflammation (Complement components 3&4, serum 
amyloid A, and kininogen). The observed fragments of kininogen are the 
known bioactive peptides bradykinin and its hydroxylated form. Both 
peptides were significantly elevated in OA when compared to both the RA 
and control groups (see Figure 3). Various fragments from histone proteins 
were also observed and were mostly increased in levels in the RA samples.  
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Figure 3. Fragmentation spectra (left) of bradykinin and hydroxylated 
bradykinin, and the box plots (right) showing the results of ANOVA analysis. 
A significant rise in the levels of the bioactive peptide and its hydroxylated 
form is clearly observable in OA when compared with control and RA.  
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4. Discussion 
 
In the current study we applied our previously published nanoLC-MS 
method to synovial fluid samples of OA, RA, and controls with the aim of 
identifying peptides that could provide additional insight into the 
pathophysiology of OA and could eventually be used as biomarkers for the 
disease (10). As such, it provides for the first time a view of arthritis related 
changes in the endogenous peptide content. 

Of the identified peptides many were fragments of fibrinogen and some of 
these fragments were involved in the PCA grouping into the disease-specific 
clusters (see figure 2B). Fibrinogen is an important player in the coagulation 
system and together with many other components of this system it was 
previously detected in synovial fluid of RA and OA patients (14-17). 
Coagulation and fibrinolysis are complex processes, involving many 
enzymes and proteases that generate a wide variety of peptides (18). Even 
many of the matrix metalloproteinases (MMPs), which are normally 
involved in the maintenance of cartilage and are elevated in joint diseases 
such as OA and RA, show fibrinolytic activity (19).  It is the combined 
effect of these proteases that determines the eventual peptide composition in 
the synovial fluid. Since the levels and activities of these proteases vary 
during disease development, alterations in types and abundances in the 
peptides can be observed, even if they originate from the same protein. It is 
indeed our observation that certain types of peptide fragments from 
fibrinogen had the highest concentration in the RA group, while for others 
the highest levels were found in the control group (Figure 2B). While these 
differences could not be directly related to the actions of a specific protease, 
a large proportion of the fibrinogen fragments in the RA group were the 
result of cleavage N-terminal to a serine (as was discussed in the results 
section).  

As was expected for OA, whose prominent pathological feature is cartilage 
degradation, we found variations in the levels of extracellular matrix protein 
fragments. Surprisingly, the levels of collagen type I fragments were mostly 
significantly lower in RA and OA with respect to the control samples, 
whereas in other studies there has been evidence for a weak but consistent 
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upregulation at the mRNA and protein level (20-24). This indicates that 
higher levels of collagen I are maintained in OA and RA by a combination 
of heightened production and a lower degradation rate. Next to this, 
increased levels in the OA samples were found for peptide fragments of type 
II (the main component of cartilage) and type III, being consistent with 
earlier, published findings.  

The fact that the C-terminal sequence for almost all collagen fragments is 
~GPPGP, is a good demonstration of the ability of our platform to study 
actual protease activities. 

Also contributing to the PCA clustering were the peptides derived from 
kininogen (which belongs to the group of kinins): these are the bioactive 
molecules bradykinin (BK) and its hydroxylated form (Figure 3). Generally, 
BK is formed in plasma and inflamed tissue, and by activating the B2 
receptor it mediates its vasodilatory, inflammatory, and algesic functions. In 
the joint it is known to be produced in the synovium, and it has been shown 
that higher levels of BK in synovial fluid coincide with joint diseases as OA 
and RA (25). BK plays its part in an intricate biological system, and (while 
relatively unstudied in OA) it is also suspected to play a role in the release of 
cytokines, proteolytic enzymes, and growth factors, thus contributing to the 
progression of OA cartilage degradation. Our finding that both BK and its 
hydroxylated form have significantly higher levels in synovial fluid of OA 
and RA patients compared to controls corroborates findings in earlier studies 
(26-30). However, our finding that both kinin peptides are significantly 
elevated in OA in direct comparison to RA presents new and exciting 
information. 

With our platform we were able to study one fragment originating from a 
protein with cytokine-like functions, namely a 13 amino acid fragment from 
the C-terminus of noncollagenous matrix protein osteopontin (31-33). For 
this fragment clear elevation in OA with respect to RA and the control 
samples was observed. There have been multiple publications demonstrating 
the upregulation of the (intact) protein and its mRNA in the synovial fluid 
and cartilage of OA and RA patients (31;34;35). Other cytokines could not 
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be detected with our platform, as their molecular masses fall outside the 
range for which the platform was optimized. 

Other fragments that we found and that are known to be involved in 
inflammation are those of complement component 3 and 4, and of serum 
amyloid A (SAA). The complement component system is part of the innate 
and non-adaptive immune system and as such has the function of eliminating 
pathogens. However, when deregulated it has been shown to damage the 
system’s own tissue. Previous studies have already implicated these proteins 
in OA pathology (23;36;37). Two fragments were found from the SAA 
protein, one of which showed significantly higher levels in RA (but not 
when directly compared with OA). Previous studies indeed report the 
production of SAA by the synovium and its upregulation in both RA and OA, 
suggesting a role for the protein in cartilage destruction (38;39). 

Lastly, we observed a trend towards upregulation of various histone 
fragments in RA samples. While, to our knowledge, no such findings have 
been reported in literature, the fact that we find these fragments may be the 
consequence of cell death.  

As a word of caution we like to remind the reader that although this study 
presents novel findings regarding the synovial fluid peptide content, it is 
meant as an exploratory study. The results reported here will need to be 
confirmed and further investigated as the samples are from donors with late 
stage arthritic conditions and the controls were acquired post mortem. 
Additionally, the donors may have received drug treatment. Also, to what 
extent ex-vivo protease activity has influenced our results remains unknown. 
While this activity is most evident for tissue samples, where homogenization 
leads to a level of accessibility of substrates to proteolytic enzymes that 
would not occur in in-vivo (7), and while the resulting ion-suppression and 
dynamic range issues can be partially resolved with high resolution 
separations, at this point it cannot be excluded that such effects could also 
occur to some of the endogenous peptides in our samples. Studying protease 
inactivation procedures after sample taking and robustness of peptides to ex-
vivo proteolytic activity would be part of further validation of potential 
disease markers.  
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5. Conclusion 

In the current study we applied our recently developed nanoLC-MS method 
to synovial fluid samples of OA, RA, and controls to identify peptides that 
could provide additional insight into the pathophysiology of OA and could 
help to find biomarkers for the disease. Comparison of the endogenous 
peptide profiles of the three groups revealed distinctive patterns resulting 
from a mix of protein degradation (linking proteins present and protease 
activitiy) and signalling events. Most of our findings were in agreement with 
previously published results, but we also made novel observations: lower 
levels of collagen I fragments in OA and RA, same C-terminal sequence for 
the collagen fragments, higher levels for the bioactive peptide bradykinin 
(and for hydroxylated bradykinin) in osteoarthritis in comparison to 
rheumatoid arthritis, and increased amounts of histone fragments in RA.  

To bring this field of research further, future efforts will need to be directed 
towards both the technological and biological sides: while the analytical 
platform that we used is among the most sensitive known, the repertoire of 
peptides that we observed in this study is only part of the peptides actually 
present (i.e. we miss the very low concentration peptides). Therefore, ever 
increasing sensitivity and robustness in chromatographic separations and 
mass spectrometers will continue to be in demand, as well as improvements 
in sample preparation & enrichment, and identification. From a biological 
perspective, the results obtained are exciting and insightful, but will need to 
be further explored by assessing the extent to which ex-vivo protease activity 
is occurring and skewing the biological interpretation, as well as by 
analyzing the endogenous peptide content in a variety of sample types 
relevant to joint disease, so as to gain a better insight in the diagnostic 
quality of the candidate markers.  
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Appendix: Evaluation of a chip-based 
nanoLC platform for peptidomics biomarker 
studies 
Aim of study 

As part of our peptidomics effort, we have developed a nanoLC-MS 
platform for the sensitive analysis of endogenous peptides (1;2). This 
platform provides excellent analysis results in terms of sensitivity, peak 
width and repeatability. However, a point of attention is its somewhat 
limited robustness and limited ease of use; some proper training is required 
to connect the fitting. In addition, in longer sample series it can occur that 
after tens or hundreds samples the nanospray becomes unstable, and the 
sensitivity is changed. While sufficient for our purposes, the platform is not 
straightforward in its use for biomarker studies where large numbers 
(hundreds) of samples need to be analyzed. In this light, a chip-based 
nanoLC platform may present a suitable alternative as its design, in which 
the separation channels, switching valve and spray tip are integrated on a 
chip, potentially solves many issues with regards to robustness and ease of 
use (3). In this proof of principle study, we examined the usability of the 
chip-based nanoLC platform by comparing its separation efficiency and 
repeatability with our Dean’s switching nanoLC setup (chapter 3 and 4).  

Methods 

As different mass spectrometers (and settings) were used for the Dean’s 
switch nanoLC and the chip-based nanoLC setup, a direct comparison of 
sensitivity was not attainable. Therefore the comparison was focused on 
separation performance (peak width) and repeatability and robustness. 
Additional considerations are that the results from the Dean’s switch 
nanoLC are obtained with a 30 cm column with a diameter of 50 μm, and 
packed with 3 μm particles. The precolumn had a length of 2 cm with a 
diameter of 100 μm, and 5 μm particles. The separation was performed with 
a linear gradient of 30 min, running from 100% solvent A (0.1% FA in H2O) 
and 0% solvent B (0.1% FA in ACN), to 55% v/v solvent A and 45% solvent 
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B. The chip-based nanoLC column used in this experiment had a length of 
15 cm and a diameter of 75 μm and both 3 and 5 μm particles were 
investigated. The ChipLC’s precolumn contained 5 μm particles. The 
separation was performed with a linear gradient of 20 min, running from 100% 
solvent A (0.1% FA in H2O) and 0% solvent B (0.1% FA in ACN), to 55% 
v/v solvent A and 45% solvent B. Overall, the volume of the precolumn and 
the column were almost exactly the same for the Dean’s switch and the chip-
based nanoLC. For both setups the same packing material was used, namely 
Biosphere. Using a BSA-digest sample as a reference sample, we compared 
the separation efficiency in terms of peak width and repeatability. 

Results and discussion 

Analysis of the same BSA-digest sample revealed that the chip-based 
nanoLC-MS and the Dean’s switch-based nanoLC-MS setups provided very 
similar chromatograms and peak widths. 

 

 

Figure 1.Base-peak chromatograms of the same BSA digest sample, 
analyzed with the chip-based nanoLC-TOF-MS (left) and the Dean’s 
switch nanoLC-Orbitrap-MS platform (right). In both cases Biosphere 
packing material was used. For the chip-based nanoLC system, no 
difference was observed between the 3 and 5 μm particles. 
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Figure 3. An overlay of 10 chip-based nanoLC-TOF-MS analyses of BSA 
digest. The average relative standard deviation was 7% for 6 (arbitrarily 
selected) peptides for 30 analyses. 

Conclusions 

Initial results demonstrate that contemporary chip-based nanoLC is easier to 
use (especially for persons that are not specifically trained in nanoLC), is 
more robust, provides at least comparable repeatability, and has only slightly 
worse separation efficiencies than the Dean’s switch nanoLC setup.  A 
downside of the chip-based platform is its still limited versatility in terms of 
column dimensions and particle types and sizes that can be used. However, 
the chip-based nanoLC platform provides sensitive analysis for the most 
typically used separation modes and is well suited for (peptidomics) 
biomarker studies where large numbers (more than 100) of samples need to 
be analyzed. 
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