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Abstract
Objective—Juvenile Idiopathic Arthritis (JIA) is a heterogeneous group of inflammatory of
diseases and there no clinically useful prognostic markers to predict disease outcome in these
children. Synovial fluid is likely a reflection of the proteins present in the inflamed synovium. The
purpose of this study was to delineate the synovial fluid proteome and determine whether there are
differences in the protein expression in subtypes of JIA.

Methods—Synovial fluid from children with oligoarticular, polyarticular and systemic JIA were
compared. Two dimensional gel electrophoresis for protein separation and Matrix associated laser
desorption ionization time of flight mass spectrometry (MALDI-TOF-MS) and Quadripole time of
flight mass spectrometry (Q-TOF-MS) for protein identification were used for this study. Synovial
fluid cells were analyzed by PCR for the presence of haptoglobin mRNA.

Results—The synovial fluid proteome of the samples was delineated. The majority of proteins
showed overexpression in JIA synovial fluid as compared to non-inflammatory controls. There
were 24 statistically significant differentially expressed spots (> 2 fold change and p<.05) between
the subtypes of JIA. PCR analysis revealed haptoglobin mRNA suggesting that haptoglobin is
locally produced in an inflamed joint in JIA.

Conclusions—Despite similar histological appearance of inflamed joints in subtypes of JIA,
there are differences in protein expression in the subtypes of JIA. Haptoglobin is differentially
expressed between the subtypes of JIA and is locally produced in an inflamed joint in JIA.
Haptoglobin and other differentially expressed proteins may be potential biomarkers in JIA.

Juvenile Idiopathic Arthritis (JIA) is a heterogeneous group of inflammatory diseases with
varying sex distribution, genetic predisposition, clinical manifestations, disease course and
prognosis. At present there are no clinically useful prognostic markers to predict disease
outcome in these patients. The International League of Associations for Rheumatology
(ILAR) defines three main accepted subtypes of JIA [1]: Oligoarticular JIA, the most
frequent subtype, is characterized as arthritis affecting four or fewer joints in the first six
months of disease. The outcome is usually good, though some patients may have a more
extended course and/or develop uveitis. Polyarticular JIA is defined as arthritis affecting
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more than four joints during the first six months of disease. In polyarticular JIA, there is an
increased frequency of chronic, debilitating disease especially in rheumatoid factor positive
children. Systemic JIA (SJIA) refers to children with a documented quotidian fever of at
least two weeks duration, arthritis in any number of joints, and typical rash, generalized
lymphadenopathy, enlargement of liver or spleen or serositis. The arthritis in SJIA is
frequently severe and erosion forming. SJIA is also associated with macrophage activation
syndrome (MAS), a severe, potentially life threatening condition where activated
macrophages exhibit hemophagocytic activity.

In addition to the various clinical manifestations of the three subgroups, there is also
evidence of different cytokine production, gene expression and Human Leukocyte Antigen
(HLA) associations [2–5]. With such distinct clinical manifestations, immunoregulation, and
genetic background, the subtypes of JIA are likely to have different pathophysiologies and
mediators of disease.

Proteomic studies are useful to identify protein profiles and biomarkers of disease. Several
studies have evaluated arthritis at the protein level by studying the synovial fluid proteome
[6–10]. A study by Liao, et al. used LC/LC-MS/MS to differentiate erosive RA and non-
erosive RA and identified 33 potential disease severity biomarkers [7]. Sinz et al used two
dimensional electrophoresis (2-DE) along with mass spectrometry demonstrating differential
protein expression between rheumatoid arthritis and osteoarthritis [6]. Gibson DS, et al have
performed proteomic studies in JIA using 2-DE which demonstrated differential expression
of proteins in synovial fluid versus serum, identified specific clusters of proteins which
differentiated between subtypes in JIA and also identified proteins differentiating those
children with a more persistent course [9,10]. In our study, we used 2-DE gel techniques and
MALDI-TOF MS technology to perform a global identification of the synovial proteome in
JIA as well as to identify proteomes specific to the subtypes of JIA. In addition we provide
data demonstrating that haptoglobin is locally produced in the inflamed joint of JIA which is
a novel finding. We hypothesize that the identified proteins may play a key role in the
pathophysiology of the subtypes of disease and are potential biomarkers of disease.

Materials and Methods
Patients and study subjects

Synovial fluid (SF) was collected from patients with active JIA defined according to the
criteria established by ILAR. Decision to perform an arthrocentesis was at the discretion of
the treating physician. The study patients were recruited from the rheumatology clinic at
Children’s Hospital of Pittsburgh. Banked synovial fluid was also obtained from Cincinnati
Children’s Hospital JRA Tissue Repository. Synovial fluid was also collected from patients
with no history of JIA or inflammatory disease who underwent an orthopedic procedure.
These were used as non-inflammatory controls. The study was approved by the Institutional
Review Board at the University of Pittsburgh. Informed consent was obtained from all
guardians of patients and assent was obtained from the subjects when appropriate.

Synovial fluid collection and storage
The synovial fluid (SF) samples were placed on ice immediately after collection, centrifuged
at 1400 rpm for 10 minutes to remove cells and debris and stored at −80°C. Synovial fluid
mononuclear cells were separated on a Ficoll gradient at 2050 rpm for 25 minutes. The cells
were washed with PBS and centrifuged twice at 1400 rpm for 10 minutes. The cell pellet
was resuspended in Trizol (Invitrogen, Carlsbad, CA) for RNA preservation and stored at
−80°C.
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Sample processing for gel electrophoresis
Samples of SF were pooled by subtype for analysis as this method has been shown to reduce
inter-individual differences, and empiric studies show that there is generally high correlation
between protein abundance in individual gels and in the pools derived from these
individuals[11,12]. Pooled samples from each subtype were used for the 2-DE comparison
study. Aliquots of equal volume (100μl) were taken from all samples and combined to from
a pooled internal standard. The samples, along with the pooled internal standard, were then
processed using Concanavalin A-sepharose beads (GE-Healthcare, Piscataway, NJ) in
macrospin columns (Nest Group Inc., Southborough, MA) in order to deplete high-abundant
albumin protein from the synovial fluid. The protein solution was washed with a 1M Sodium
phosphate 1M sodium chloride solution and concentrated using a molecular weight column
(Millipore, Billerica, MA). Precipitation of proteins was by the Perfect Focus Kit (G-
Biosciences, St. Louis, MO). The protein was resuspended in lysis buffer containing 2M
thiourea and 7M urea. The protein concentration of each sample was determined by the
Bradford Assay protocol.

Two-dimensional Difference Gel Electrophoresis (DIGE)
A total of 50 μg of synovial fluid protein from each sample was labeled with Cy3 or Cy5
minimal dyes and the pooled internal standard was labeled with Cy2 in the dark. Lysine was
used for the labeling. The labeled protein samples were multiplexed in order to run 2
analytical samples and one internal standard on each gel. In addition, “dye swap” was
performed ensuring that differences in protein spots were not due to a specific dye intensity.
The labeled protein was brought to a volume of 450 μl in rehydration buffer containing
20mM of dithiotrietol and .05% of (v/v) pH 4–7 carrier ampholytes (GE-Healthcare,
Piscataway, NJ). A 24 cm linear ph 4–7 immobilized pH gradient (IPG) strip was immersed
each solution. The first dimensional separation of proteins was performed using the
IPGphor-3 (GE-Healthcare, Piscataway, NJ) settings as follows: 30V for 12 hours for the
rehydration step, then 200v for 1 hour, 500v for 1 hr, 1000V for 1 hr and then a gradient to
8000V over 3 hours to at total of 50,000 Vhrs, according to the manufacturer’s instructions.
After isoelectric focusing, the strips were equilibrated in sample buffer containing 100 mg
dithiotreitol and then 250 mg iodacetamide. The equilibrated strips were placed onto 12%
SDS gels (Jule Gels, Milford, CT). The second dimension was performed using a Ettan
DALT 6 (GE-Healthcare, Piscataway, NJ) run at 2W per gel. The samples were assessed in
two separate gel runs resulting in 12 gels (36 gel images), and each pooled sample was
represented in 6 images.

Image analysis
The 2-D gels were scanned using the Typhoon 9400 Imager (GE-Healthcare, Piscataway,
NJ). The resulting gel images were imported into DeCyder v5.02 software (GE-Healthcare,
Piscataway, NJ) which outputs a list of statistically significant differences in protein
expression including t-test values, using the Cy-2 internal standard. Both Differential In-gel
Analysis (DIA) which includes co-detection, background subtraction, normalization, and
quantitation of spots in an image pair as well as Biological Variation Analysis (BVA) which
matches multiple gels for comparison and statistical analysis of protein abundance changes
was used in this analysis. Several studies using 2D gels have utilized these types of analyses
[13–15]. A total of 2500 spots per gel protein spot-features were analyzed across all serum
sample 2-D spot maps. Spot-features that were significantly differentially expressed (p<0.05
for the unpaired t-test, and ≥2-fold Average Ratio) in each comparison and that were present
on 75% of all spot maps, were chosen for further investigation. Each spot identified as
significantly differentially expressed was manually assessed to ensure that only true protein
spots were picked
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Heat map
Expression values of each protein spot were represented as fold change. The data was
transferred into Genespring (Agilent Technologies, Santa Clara, CA). The heat map was
generated by performing Gene Tree Clustering analysis with default settings.

In-gel protein digestion and Identification
A preparative gel which contained 450 μg of unlabeled pooled internal standard was run
using the same running conditions as the analytical gels (as described above), and stained
with Deep Purple Protein Stain (GE-Healthcare, Piscataway, NJ), and matched to the
analytical gels in BVA. The Ettan Spot Handling Workstation (GE-Healthcare, Piscataway,
NJ) was employed for the preparative gel spot picking, tryptic digestion, and spotting onto a
MALDI plate that was subsequently analyzed by MALDI-TOF-TOF (ABI 4800). The same
spots were also analyzed on the LC/Q-TOF- MS system for peptide sequence information.
The MS and MS/MS data were searched against NCBInr and Swissprot human protein
database.

RNA extraction and PCR amplification
Frozen samples of synovial fluid cells stored in Trizol (Invitrogen, Carlsbad, CA) were
thawed. Total RNA was isolated from cells using the phenol/chloroform extraction
technique. To remove possible genomic DNA contamination, RNA was treated with DNase
I (Ambion, Austin TX). Complimentary DNA (cDNA) was synthesized with random
hexamer oligonucleotides using 1μg of RNA and Invitrogen’s SuperScript™ II Reverse
Transcriptase Kit (Invitrogen, Carlsbad, CA). PCR was performed in a LightCycler
(Mx3000P Stratagene, La Jolla CA) using Brilliant_ SYBR_ Green QPCR Master Mix
(Stratagene, La Jolla CA) according to the protocol using oligonucleotide primer sets for
human haptoglobin: forward primer 5′-AGAAGTAGGGCGTGTGGGTTATGT-3′, reverse
primer 5′-ACTGTGCTGCCTTCATAATGCCT-3′. The 136 base pair product was verified
by running a 10% TAE gel.

Results
Identification of the JIA synovial fluid proteome

Table 1 describes the clinical characteristics of the patient populations. Synovial fluid
samples were pooled according to subtype (oligoarticular, polyarticular and systemic JIA) in
order to decrease inter-individual differences. 2-D gel electrophoresis was used for excellent
resolution and identification of proteins. Our previous experience with synovial fluid gel
electrophoresis suggests that most of the abundant proteins are in the pH 4–7 range similar
to serum (unpublished data). The 2-DE gels in our study encompass this pI range and
molecular weight range of 10–200 kD. All distinct protein spots were picked, trypsinized
and identified using MALDI-TOF-MS or Q-TOF when no identification was obtained with
MALDI-TOF-MS. The global protein identification of the synovial fluid and their known
functions are represented in Table 2.

The three main functional categories of proteins represented are: acute phase response
proteins, coagulation system proteins and complement system proteins. The acute phase
response proteins can be divided between those that are positive acute phase reactants (those
that increase during the inflammatory phase) such as fibrinogen beta and gamma protein,
alpha-1 anti-trypsin and haptoglobin family proteins and the negative acute phase reactants
(a protein whose level is lowered by more than 25% during the acute phase) such as
albumin, apolipoprotein A-1 and transferrin. There were several complement component
proteins present in synovial fluid including complement component 3, complement
component 9, and complement factors B and H. The last major functional classification is
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the coagulation protein group which includes alpha-1 anti-trypsin precursor, and fibrinogen
family proteins. There are 5 proteins identified whose functions are not encompassed by the
3 main categories, and these are ADP/ATP translocase 3, Ig kappa (κ) chain C region,
Mitochondrial 28S ribosomal protein, Ubiquitone biosynthesis protein and Zinc-alpha-2-
glycoprotein precursor COQ9

2-D gel analysis identifies multiple differentially expressed proteins between the subtypes
of JIA

The synovitis of subtypes of JIA have similar histological appearances despite differences in
clinical characteristics. Studies have shown different cytokine profiles in the synovial fluid
of subtypes of juvenile idiopathic arthritis[4,5]. In order to determine if there are differences
on the larger protein scale, we performed DiGE analysis of pooled synovial fluid subtypes.
A total of 100 protein spots were determined to be differentially expressed (p<.05). Fifty
picked spots were determined to be statistically significant in at least one subtype or control
comparisons. Figure 1 is a heat map representation of the differentially expressed proteins,
where each JIA protein spot is compared to the non-inflammatory control protein spot and
illustrated as fold change difference. Several proteins were more highly expressed in the JIA
samples as compared to the non-inflammatory controls suggesting markers of disease
activity. Isotypes of these proteins include Ig κ chain C region, ceruloplasmin, complement
factor B precursor, haptoglobin precursor, fibrinogen beta chain precursor, fibrinogen
gamma precursor, hemopexin precursor, complement component 9 precursor,
serotransferrrin precursor, inter-alpha-1 trypsin precursor, and apolipoprotein A-1. Several
proteins in the JIA synovial fluid showed decreased expression when compared to the
controls including alpha-2 macroglobulin, ceruloplasmin, serum albumin and pigment
epithelial derived factor (Figure 1A). There are also differentially expressed proteins seen
between the subtypes of JIA. The heat map representation shows that the majority of
proteins in the JIA synovial fluid are overexpressed in systemic JIA (Figure 1B). The cluster
of proteins in Figure 1A which are underexpressed in JIA synovial fluid as compared to
controls is also decreased in polyarticular JIA as compared to the other subtypes. There are
also a number of proteins that appear to have higher levels in oligoarticular JIA as compared
to polyarticular JIA. These include isotypes of antichymotrypsin, ceruloplamin,
apolipoprotein A-1 and haptoglobin. The individual statistically significant differentially
expressed proteins between subtypes are outlined in the Table 3. Significantly differentially
expressed proteins spots between the subtypes of JIA are illustrated in Figure 2 labeled by
their spot number. There are 24 statistically significant differentially expressed spots
between JIA subtypes. These proteins are: alpha-1 antichymotrypsin, apolipoprotein A-1,
ceruloplasmin, fibrinogen gamma chain, haptoglobin, hemopexin, Ig kappa chain C region,
transferring, serum albumin and several unidentified proteins. This table mirrors the trends
seen in the heat map where the majority of proteins show overexpression in systemic JIA.
The proteins that showed the most marked overexpression in systemic JIA include alpha-1
antichymotrypsin precursor (fold change 2.11–5.2), apolipoprotein A-1 precursor (fold
change 2.79–6.58), haptoglobin precursor (fold change 2.27–4.11) and Ig kappa chain C
region (fold change 3.36–5.5). Other proteins with significant overexpression in systemic
JIA included fibrinogen gamma chain precursor, hemopexin precursor, transferrin, serum
albumin precursor and ubiquinone biosynthesis protein COQ9. There are several proteins
with higher expression in systemic JIA which we were unable to identify (fold change 2.57–
6.63). The data in the table also confirm an observation of the heat map that ceruloplasmin
precursor (fold change 2.23) and several unidentified peptides (fold change 2.23–2.36) are
overexpressed in oligoarticular JIA as compared to polyarticular JIA.
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Haptoglobin is significantly differentially expressed between the subtypes of JIA and
haptoglobin mRNA is detected in the joints

Haptoglobin, a protein known to be synthesized by the liver and which functions as an acute
phase response protein is significantly overexpressed in the systemic and polyarticular JIA
synovial fluid (Table 3). Haptoglobin in its full form is in the 86 kD range, and is formed by
the disulfide bonding of 2 alpha and 2 beta chains. The molecular weight range of the
haptoglobin identified in our study is a 17–22 kD isoform suggesting that it is a cleaved
portion. The alpha chain of haptoglobin is 17 kD. We wanted to determine whether the
difference we observed in haptoglobin was due to local production in the inflamed joint or
whether it represented overflow from the plasma. We used PCR analysis of synovial fluid
cells to amplify the alpha chain of haptoglobin. Figure 3 is the gel image of the PCR product
of 5 polyarticular JIA samples tested for haptoglobin mRNA. In this representation, the
majority (4/5) of the polyarticular samples shown were positive for haptoglobin mRNA.
This is, to our knowledge, the first time that haptoglobin has been shown to be produced in a
human inflamed joint.

Discussion
In this study, we explored the proteomic profiles of synovial fluid in juvenile idiopathic
arthritis to determine if there is differential protein expression between oligoarticular JIA,
polyarticular JIA and systemic JIA.

Our studies indicate that there is differential protein expression in synovial fluid between
JIA and non-inflammatory joints. Most of these proteins are known to be normal
constituents of synovial fluid, and the differential expression may clue into the pathogenesis
of disease. The majority of the differentially expressed proteins are acute phase reactant
proteins which are elevated in JIA synovial fluid. Our data also show a cluster of proteins
that have increased expression in non - JIA synovial fluids as compared to JIA synovial
fluids. One of these proteins is Pigment Epithelium –Derived factor (PEDF). PEDF is an
effective neutrotrophic factor and has potent anti-angiogenic activity [16] [17]. Furthermore,
PEDF has been implicated in the pathogenesis of various conditions, including chronic
inflammatory disease, atherosclerosis, diabetic complications and cancer [18]. There are no
published studies of the role of PEDF in arthritis to date, but studies in uveitis show that
retinal and plasma PEDF levels were drastically decreased endotoxin-induced uveitis (EIU),
which suggests that PEDF functions as a negative acute-phase protein [19]. It is possible that
it plays a similar role in the arthritis of JIA either locally or systemically and the decreased
levels in JIA synovial fluid represent consumption or clearance of this protein.

Alpha-2-macroglobulin, an important inhibitor of cartilage-degrading proteinases, is another
protein that was found to have decreased expression in JIA synovial fluid. Cartilage
oligomeric matrix protein(COMP) is a glycoprotein found in cartilage [20], and fragments of
this glycoprotein have been found in cartilage, synovial fluid and serum of patients with
knee injuries, osteoarthritis, rheumatoid arthritis and JIA [21–23]. Members of the
ADMATS (a disintegrin and metalloproteinase with thrombospondin motifs), specifically
ADAMTS-7 and ADAMTS-12, family cleaves COMP in vitro and the size of the resulting
fragments are similar to that found in arthritis [24]. Alpha-2 macroglobulin inhibits members
of the ADAMTS family and protects COMP degradation by these enzymes [24,25]. The
differential expression of alpha-2 macroglobulin in non-JIA synovial fluid versus JIA
synovial fluid may represent consumption of the protein in attempts to prevent COMP
degradation in the diseased joint of JIA.

Although it did not reach statistical significance by BVA, there was decreased PEDF and
alpha-2 macroglobulin in the synovial fluid of polyarticular JIA as compared to the other
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subtypes. Decreased amounts of PEDF and alpha-2 macroglobulin in JIA may have a role in
extension of joint involvement in polyarticular JIA.

There are several proteins which are significantly differentially expressed between the
subtypes of JIA. Apolipoprotein-A1 (apoA-1) showed differential expression in systemic
JIA versus oligoarticular and polyarticular JIA, and similarly, Gibson, et al showed this
protein to be increased in polyarticular versus oligoarticular fluid [10]. In the absence of
inflammation, high-density lipoprotein cholesterol (HDL-C) has a complement of
antioxidant enzymes that work to maintain an anti-inflammatory state. In the presence of
systemic inflammation, these antioxidant enzymes such as ApoA-1 can be inactivated, and
HDL can accumulate oxidized lipids and proteins that make it proinflammatory [26]. When
not activated by inflammation, ApoA-1 has anti-inflammatory properties and has been
shown to block contact-mediated activation of monocytes in vitro causing inhibition of
TNF-α and IL-1β production [27] and c-reactive protein[28]. Localization of apoA-1 in
inflamed synovium can inhibit the production of proinflammatory cytokines by
macrophages upon direct contact with stimulated T cells [29]. In an inflamed joint where
joint integrity and lipid homeostasis is compromised the apoA-1 may become reactive and
proinflammatory. Further studies will need to be done to determine the role of ApoA-1 in
inflammatory arthritis.

Another identified protein of interest is Ig kappa (κ) chain C region. Children with JIA have
been shown to produce increased levels of serum circulating immune complexes (CIC’s)
that correlates with disease activity [30,31]. A recent study by Low, et al delineate the CIC
proteome in JIA [32]. The authors demonstrated several disease associated proteins that are
present in the CIC’s in active and erosive polyarticular JIA including Ig kappa chain regions.
In our study there was increased amounts of the immunoglobulin κ chain in the synovial
fluid of systemic JIA which may suggest that immunoglobulins in synovial fluid in sJIA
have a different antibody response.

Haptoglobin was significantly differentiated between subtypes and increased levels seen in
both systemic JIA and polyarticular JIA. During hemolysis, free hemoglobin which is toxic
and inflammatory is released. Haptoglobin binds to hemoglobin and inhibits the ability of
hemoglobin to serve as an oxidant [33]. The deactivation and clearance of free hemoglobin
is facilitated by the hemoglobin-haptoglobin (Hb-Hp) complex which activates monoctyes
and macrophages via the scavenger receptor, CD163 [34].

Systemic juvenile arthritis is associated with macrophage activation syndrome (MAS). MAS
is a severe, potentially life threatening complication characterized by activation of well-
differentiated macrophages and is clinically manifested by fever, hepatosplenomegaly,
lymphadenopathy, severe cytopenias and intravascular coagulation [35]. There is an
uncontrolled and persistent expansion of activated T lymphocytes and hemophagocytic
macrophages. The macrophages in MAS express CD163 [36,37]. The genes for haptoglobin
were shown to be one of the most highly overexpressed genes in early systemic JIA and
especially those with subclinical MAS [38]. The synovium is highly vascular and there is
presumably a significant degree of hemolysis occurring which leads to increased increased
RBC turnover and initiation of this cascade.

Contrary to its role as an anti-oxidant, haptoglobin may have pro-inflammatory effects on
the joint. It functions as an acute phase reactant and its synthesis is induced by various
cytokines including IL-1 and IL-6 [39]. It also appears to play a role in the inflammatory
process of bone destruction via bradykinin and thrombin stimulation on prostaglandin E2
formation leading to bone resorption [40,41]. Haptoglobin was identified as an essential
factor for cell migration and may play a direct role in arthritis [42]. Recent data suggests an
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immune modulating role of haptoglobin in modulating Th1 versus Th2 balance by
promoting Th1 cellular response [43].

Haptoglobin is primarily produced in the liver. However, there is evidence that haptoglobin
is expressed in extra hepatic tissues such as lung, kidney, skin, heart and arteries [42,44–48].
Haptoglobin has been shown to be a normal constituent of synovial fluid [49]. A previous
study by Smeets, et al showed that haptoglobin is locally produced in arthritic rats [50]. Our
data indicate that haptoglobin is locally produced in the inflamed joint in JIA and to our
knowledge the only data showing this in human synovial cells. Further studies will be
needed to localize haptoglobin to a specific cell population and identify the role of this
protein in JIA.

There are several limitations of the study. The first is that the “control” synovial fluid
originates from joints with traumatic injury and is therefore not completely normal.
However, we used these samples as they do not originate from children with JIA. There
were some differences in patient characteristics in the pooled samples between the subtypes
of JIA that reached statistical significance including a difference in the disease duration
between the oligoarticular and polyarticular group. Disease duration as well as differences in
medication treatment could be confounding factors and may alter proteomic profiles.
However, all of these patients had active disease at the time of arthrocentesis, so the proteins
most likely represent the proteome of active JIA as reflected in the number of acute phase
proteins.

There were also collective differences in the gender and age between the groups, but these
differences most likely did not alter the resulting data of the differential proteins identified.

Pooling of synovial fluid by subtype may mask inter-individual differences, and this might
be important if the proteins affected are the ones of particular interest for further study.
However, given the low throughput of 2D gels, pooling is an efficient method to find global
differences between patient subsets as there is generally a high correlation between protein
abundance in individual gels and in the pools derived from these individuals [11,12]. Similar
studies in synovial fluid proteomics have not been performed.

A final limitation to our study is that DiGE analysis for protein identification will only
detect those proteins of high abundance, so low abundance proteins are not identified in our
study. We used affinity based techniques for depleting our samples of albumin and
immunoglobulin for improving detection of low abundance proteins, but this technique is
non-specific and may remove other wanted proteins from the fluid. There may be important
low molecular weight proteins that are bound to albumin (albuminone) which might include
additional differentially-expressed proteins not identified here. Further studies analyzing
those fractions may identify other proteins to expand the repertoire of the protein profiles.

Despite advances in our understanding of the molecular basis of JIA, substantial gaps
remain both in our understanding of disease pathogenesis, and in the development of
effective strategies for early diagnosis and for treatment. Proteomic analysis of biological
fluids provides an opportunity for better understanding of disease processes. Our study has
identified proteins that are differentially expressed and potential biomarkers in JIA. Our
study demonstrates how proteomic platforms can be used for further targeted discovery in
the understanding the specific roles of proteins in inflammatory arthritis of JIA and other
inflammatory arthritides.
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Figure 1.
Heat map representation of differentially expressed proteins. The heat map was generated as
described in Materials and Methods. Each column represents the JIA subtype or control
sample. Each row represents an individual protein that was identified as being significantly
differentially expressed in at least one subtype comparison. Each cell in the matrix
represents the relative protein expression level in a pooled sample. The protein spot number
is the automated number assigned to a spot on the protein gel. The protein identification for
the specific spot is listed. The control group was used as the basis for each individual
comparison. The relative amount of a protein is denoted by a color in the spectrum from red
to blue, red being the highest amount. (1A) These brackets indicate the proteins that are
increased in the systemic JIA (1B) brackets indicate the proteins that are decreased in the
polyarticular JIA group. Oligo = Oligoarticular JIA, Poly = Polyarticular JIA, Systemic =
Systemic JIA.
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Figure 2.
Gel image of significantly differentiated proteins. The proteins are separated vertically by
molecular weight and horizontally by pH. The gel image represents the internal standard, the
combination of all the sample groups. The differentially expressed proteins spots are
identified by spot number.
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Figure 3. Detection of synovial fluid haptoglobin by PCR
Gel image of polymerase chain reaction products of 5 representative JIA synovial fluid
cDNA samples. The primer identified haptoglobin mRNA. Hp = haptoglobin, bp=base pair
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Table 1

Patient characteristics of synovial fluid samples. Control samples were obtained from orthopedic procedures.

Characteristic Oligo (n=33) Poly (n=14) Systemic (n=11) Control (n=10)

Age, years 9.6 + 4.4 * 13.1 + 5.6 12.5 + 4.1 N/A

Sex, no (%)

 Male 6 (18) 5 (36)** 6 (54) 8 (80)

 Female 27 (82) 9 (64)** 5 (45) 2 (20) #

Disease Duration, years 4.1 + 4.7 7.7 + 3.5 6.9 + 5.7 N/A

ANA status, no (%)

 positive 17 (52) 5 (36) 1 (9) N/A

 negative 14 (42) 8 (57) 8 (73) N/A

 unknown 1 (3) 1 (7) 2 (18)

Rf status, no (%)

 positive 0 1 (7) 1 (9) N/A

 negative 20 (61) 7 (50) 5 (45) N/A

 unknown 13 (39) 6 (43) 5 (45)

Treatment at time of procedure, no (%) N/A

 None 2 (6) 3 (21) 1 (9)

 Non-steroidals 31 (94) 7 (50) 4 (36)

 Methotrexate 1 (3) 2 (14) 4 (36)

 Sulfasalazine 1 (3) 4 (28) 0

 Plaquenil 2 (6) 3 (21) 0

 Prednisone 0 0 1 (9)

 Leflunomide 0 1 (7) 0

 Gold 0 1 (7) 0

 Biologics 0 2 (14) 1 (9)

Each subtype was pooled into a single sample for the analyses. Student’s T-test used for comparison between individual groups. No significant
differences between the groups except as indicated:

*
P<.05 for comparison between oligoarticular vs polyarticular,

**
P<.05 for comparison between systemic versus oligoarticular,

#
P<.05 for comparison between oligoarticular versus control.

JIA = Juvenile Idiopathic Arthritis, N/A = data not available.
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Table 2

JIA Synovial Fluid Proteins.

Protein name Functional category

Acute Phase Coagulation Complement

ADP/ATP translocase 3 (P12236)*

Albumin (P02768) x

Alpha-1 antitrypsin precursor (P01009) x x

Alpha-1-antichymoptrypsin (P01011) x

Alpha 2-macroglobulin precursor (P01023) x x

Amyloid P component, serum (P02743) x

Apolipoprotein A-1 (P02647) x

Complement component 3(P01024) x x

Complement component 9 (P02748) x x

Complement factor B (P00751) x x

Complement factor H (P08603) x

Ceruloplasmin (ferroxidase) (P00450) x

Fibrinogen beta chain (P02675) x x

Fibrinogen gamma chain (P02679) x x

Haptoglobin (P00738) x

Hemopexin (P02790) x

Ig kappa chain C region (P01834)*

Inter-alpha (globulin) inhibitor H4 (Q14624) x

Mitochondrial 28S ribosomal protein (P51398)*

Pigment epithelium derived factor P36955) x

Transferrin (P02787) x

Ubiquitone biosynthesis protein (O75208)*

Zinc-alpha-2-glycoprotein precursor COQ9 (P25311)*

Identification of synovial fluid proteins was performed using MALDI-TOF or Q-TOF. The proteins were grouped into 3 main categories based on
the function of the protein.

*
Proteins not categorized in main functional groups
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