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Abstract
Purpose We conducted a proteomic analysis of synovial
fluid (SF) to identify differentially expressed proteins and
analyse their correlation with osteoarthritis (OA) severity.
Our primary purpose was to gain insight into the pathogen-
esis of OA.
Methods SF samples were acquired from 12 knee OA
patients and 12 non-OA controls (ten had a meniscus injury,
two had a discoid meniscus and all exhibited intact articular
cartilage) and sequentially subjected to two-dimensional
electrophoresis (2-DE). The radiographic grading of knee
OA was performed using the Kellgren-Lawrence criteria.
Differentially expressed proteins were identified by matrix-
assisted laser desorption/ionisation time-of-flight/time-of-
flight mass spectrometry (MALDI-TOF/TOF MS).
Proteins of interest identified from SF were detected using
an enzyme-linked immunosorbent assay (ELISA).
Results A total of 31 protein spots showed significant differ-
ences (p<0.05) between the sample groups; 25 of the 31
spots (80.6 %) were identified as proteins of interest.
Among them 20 corresponded to up-regulation and five to
down-regulation in OA samples. HLA-DR was one of the
proteins up-regulated, which was confirmed by ELISA.
Conclusions These observations have implications in delin-
eating the protein expression underlying the pathogenesis of
OA and facilitate further elucidation ofmolecular mechanisms

involved in disease progression. Substantial alterations of the
protein profile in SF may be associated with OA severity.

Introduction

Osteoarthritis (OA) is the most common articular disease
characterised by progressive degeneration of articular
cartilage and secondary hyperplasia of osteophytes.
According to an epidemiological survey, more than
8.9 % of the population suffer from clinically significant
OA [1] which is the primary cause of pain and dysfunc-
tion in the joint. The pathogenesis of OA has not yet
been completely elaborated. Most individuals are clini-
cally asymptomatic in the early stage of OA. Visible
pathological changes in cartilage generally pre-exist
when symptoms arise. Nowadays, the diagnosis of OA
mainly depends on the symptoms and radiographic man-
ifestations which are limited in the early diagnosis. This
limitation gives rise to the interest in proteomic studies
to find candidate biomarkers for the evaluation of carti-
lage degeneration and disease severity, so as to realise
early diagnosis and indicate the progression and progno-
sis of OA. Most importantly, proteomic studies also
enable the pathogenesis of OA to be studied at the
molecular level from a comprehensive perspective and
shed light on the abnormal metabolic mechanism in the
articular cartilage during the disease progression.

As is well known, there is an exchange of proteins between
synovial fluid (SF) and the systemic circulation through the
synovial lymphatics and vasculature [2]. However, SF is more
than a filtrate from the systemic circulation; joint tissues in-
cluding synovium, ligament, meniscus and joint capsule also
secrete proteins into SF. Beyond that, the dynamic equilibrium
between the continuous, ongoing formation and breakdown of

W. Liao : Z. Li (*) :Y. Fu :X. Bai
Department of Orthopaedics, General Hospital of PLA,
No. 28 Fuxing Road Haidian District Beijing,
People’s Republic of China 100853
e-mail: lizhongli@263.net

H. Wang : J. Wang
Institute of Basic Medical Sciences, National Center of
Biomedical Analysis, Beijing, People’s Republic of China

International Orthopaedics (SICOT) (2013) 37:1045–1053
DOI 10.1007/s00264-012-1768-2



the cartilaginous matrix would allow protein molecules syn-
thesised by chondrocytes to be released into SF; the anabolism
and catabolism of the extracellular matrix (ECM) are regulated
by an interplay of metabolic factors in order to meet a balance
in normal conditions. Altered synthesis of ECM proteins by
chondrocytes and release of the products of cartilage ECM
degradation give rise to proteomic changes in SF when the
homeostasis is broken, finally leading to the formation of a
cartilage ulcer. Consequently, proteins and protein fragments
from cartilage and joint tissues in SF can be chosen as candi-
date biomarkers for OA. Compared with serum, the concen-
tration of any protein from cartilage is higher in SF, the
components of which are also less influenced by systematic
conditions, thus it is more suitable to detect protein profiles in
SF than in serum.

The introduction of proteomics techniques has enabled
the evaluation of a large number of proteins in complex
protein mixtures and quantitative comparisons of the alter-
ations in protein profiles on a large scale. Wu et al. [3]
applied a magnetic bead separation system to extract and
analyse urinary peptides from IgA nephropathy patients to
identify potential biomarkers for non-invasive diagnosis of
this disease. Bead-based fractionation systems are a new
type of multifunctional method developed in recent
years that can selectively separate certain proteins and
peptides according to different chemical chromatographic
surfaces on the outer layer of magnetic beads for analysis
using matrix-assisted laser desorption/ionisation time-of-
flight/time-of-flight mass spectrometry (MALDI-TOF/TOF
MS). We used this system to separate proteins and peptides
in SF of OA patients in the preliminary stage of this re-
search. However, the result was unsatisfactory for no pep-
tide peak was detected in peptide mass fingerprinting
(PMF), probably because this fractionation method is gen-
erally used to extract proteins or peptides that can uniquely
chelate a magnetic bead and is sensitive for separating
peptides with a low molecular weight (MW<20 kDa),
whereas the MWs of proteins in SF profile mostly range
from 20 to 100 kDa according to the pertinent literature [2].
It is probably unsuitable to introduce a magnetic bead sep-
aration system to proteomics analysis of SF for the investi-
gation of OA.

Recently, the combinative technique of two-dimensional
electrophoresis (2-DE) and MS has been widely applied to
screen for differentially expressed proteins. Lambrecht et al.
[4] used this method to reveal substantial alterations in
protein profiles of OA chondrocytes; similar studies [5, 6]
describing the proteome by this technique have also been
published. Using 2-DE combined with MS, we were able to
identify proteins displaying an altered abundance in SF from
OA. These observations may shed new light on the patho-
genesis of OA and offer original insights into the molecular
mechanisms involved in disease progression.

Materials and methods

Subjects

SF samples were acquired from 12 knee OA patients (six men
and six women, age 44–70 years, mean age 53 years) and 12
non-OA controls (seven men and five women, age 28–
54 years, mean age 39 years) with other knee disorders (me-
niscus injury or discoid meniscus without cartilage defect). All
of the patients with meniscus injury recruited were examined
arthroscopically between one and three days after injury. All of
the subjects were chosen from patients who underwent arthros-
copy or arthroplasty for treatment of a knee disorder between
August 2011 and April 2012 in the Department of
Orthopaedics of PLA General Hospital and identified by the
medical record number they were given when they were hos-
pitalised. The diagnosis of knee OAwas based on the criteria of
the American College of Rheumatology (ACR). All of the
subjects signed informed consent documents. The research
was approved by the Institutional Review Board (IRB). The
severity of knee OAwas evaluated by the Kellgren-Lawrence
(KL) radiographic grading criteria (Fig. 1) [7], according to
which seven OA patients recruited in the research were classi-
fied as grade 4, and the other five were categorised as grade 2.

Sample collection and preparation

Prior to surgery, 1–2 ml of SF sample was aspirated from the
affected knee with a sterile puncture needle and 50 μl of
proteinase inhibitor (cocktail, Roche) was immediately
added to the sample after collection. The mixture was then
centrifuged at 8,000 rpm for 30 minutes at 4 °C (Hettich
MIKRO 22R, Tuttlingen, Germany) to remove cells and
debris and concentrate the proteins. After centrifugation,
the SF sample was subjected to protein quantification using
the Bradford Assay [8] with a commercial Bradford reagent
(Bio-Rad Laboratories, Hercules, CA, USA) to determine
the volume of sample to be loaded in 2-DE. Then the
processed samples were stored at −80 °C until use.

Two-dimensional electrophoresis

Two-dimensional electrophoresis analyses were performed
according to Cui et al. [9] with some modifications; 160 μg
of protein was diluted to a volume of 350 μl with rehydration
solution containing 8 M urea, 0.02 % 3-[(3-cholamidopropyl)-
dimethylammonio]-1-propanesulphonate (CHAPS) (Sigma),
0.02 M dithiothreitol (DTT), 0.05 % IPG buffer (Amersham
Pharmacia Biotech) and loaded onto 18 cm (pH 3–10) non-
linear immobilised pH gradient DryStrips (Amersham
Pharmacia Biotech). Then, 800 μl of cover fluid was added
to cover the DryStrips. Isoelectric focusing (IEF) was carried
out using the IPGphor system (Amersham Pharmacia Biotech)
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under a constant voltage of 30 V/gel for the initial ten hours,
followed by 500 V/gel for one hour, 1,000 V/gel for one hour
and 8,000V/gel for the last ten hours. After IEF, the strips were
equilibrated in a solution containing 20 mM DTT, 50 mM
Tris(hydroxymethyl)aminomethane (Tris-Cl), pH 8.8, 30 %
glycerol, 6 M urea, 2 % sodium dodecyl sulphonate (SDS)
and bromophenol blue for 15 minutes. A second equilibration
stepwas performed in the same solution except forDTT, which
was replaced by 100 mM iodoacetamide. Then, the IPG strips
were transferred to vertical self-cast 13% SDS polyacrylamide
gels [13 % acrylamide, 375 mM Tris-Cl, 0.1 % SDS, 0.1 %
ammonium persulphate (APS), tetramethylethylenediamine
(TEMED)] and embedded with agarose sealing solution
(0.5 % agarose, SDS electrode buffer, bromophenol blue).
Finally, SDS polyacrylamide gel electrophoresis (SDS-
PAGE) was carried out using the PROTEAN II xi Cell vertical
electrophoresis system (Bio-Rad Laboratories) under a con-
stant current of 20 mA/gel for the initial 40 minutes and
30 mA/gel thereafter until the bromophenol blue dye marker
reached the bottom of the gel. Samples from the same patient
were run at least two times to determine the variability.

Protein spot visualisation and 2-DE image analysis

Silver nitrate staining was performed in gels according
to the protocol of Mortz et al. [10]. An ImageScanner

(Amersham Pharmacia Biotech) was used to capture 2-
DE images. ImageMaster 2D Platinum (Amersham
Pharmacia Biotech) was applied to quantify and revise
the intensity of protein spots. Spot intensity was nor-
malised for every gel [(spot quantity)/∑(spot quantities)]
to correct for subtle variations in sample loading and
gel staining between the gels.

In-gel digestion and peptide extraction

After analysing 2-DE images, in-gel digestion was performed
using a protocol previously described by Shevchenko et al.
[11]

Mass spectrometry (MS) and data interpretation

MALDI-TOF/TOF MS was performed in a Bruker
UltraflexTM III MALDI-TOF/TOF MS (Bruker
Daltonics) according to a published protocol [12]. The
obtained peptide mass fingerprints (PMFs) were used to
search against the Shigella flexneri 2a 2457T database
using the program Mascot 2.1 (Matrix Science Ltd.) to
eliminate redundancy resulting from multiple members
of the same protein family, and the results were checked
against the NCBInr database (version 21 October 2006,
4,072,503 sequences).

Fig. 1 The Kellgren-Lawrence
radiographic grading criteria. a
Grade 1, doubtful narrowing of
joint space and possible osteo-
phytic lipping. b Grade 2, defi-
nite osteophytes and possible
narrowing of joint space. c
Grade 3, moderate multiple
osteophytes, definite narrowing
of joints space, some sclerosis
and possible deformity of bone
contour. d Grade 4, large
osteophytes, marked narrowing
of joint space, severe sclerosis
and definite deformity of bone
contour
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Enzyme-linked immunosorbent assay (ELISA)

Another 57 SF samples were obtained from 45 knee OA
patients (21 men and 24 women, age 40–72 years mean age:
51 years) and 12 non-OA controls (seven men and five wom-
en, age 26–49 years, mean age 37 years) to detect the HLA-
DR level. Among the 45 OA patients, 18 were classified as
grade 2 according to the KL grading criteria, while 17 were
grade 3 and ten were grade 4. The HLA-DR level in SF was
measured by ELISA (MyBioSource, R&D Systems, San
Diego, CA, USA) according to the manufacturer’s
instructions.

Statistical analysis

Statistical analysis was performed with SPSS 13.0 for Windows.
Data were expressed as a mean ± SD. Comparisons between two
groups were performed using Student’s t test. The significance
of differences among the non-OA group and OA subgroups of
different severity was determined by analysis of variance
(ANOVA). Pearson’s correlation coefficient was used to ana-
lyse the correlation between protein level and OA severity. A
p value<0.05 was considered statistically significant.

Results

Two-dimensional electrophoresis image analysis

The mean total protein concentration in SF was 24.67±
2.85 μg/μl. A total of 682±35 protein spots could be detected
on each gel. Protein spots were regarded to be differentially
expressed when spot intensity between two groups was prov-
en to be significantly different (p<0.05). Based on these
criteria, the comparison between OA and non-OA groups
resulted in the identification of 31 significantly different pro-
tein spots, with molecular weights (MWs) ranging from
14 kDa to 97 kDa. These spots were excised manually from
gels and identified byMS. A total of 25 spots of the 31 excised
(80.6 %) were identified as proteins of interest. Among them
20 were up-regulated and five were down-regulated in OA
samples compared with control samples (Fig. 2). Figure 3
shows close-up sections and ImageMaster 3D views of six
differentially expressed protein spots in SF from OA patients.
These data revealed that a large number of proteins showed
statistically significant differences in spot intensity between
the two groups.

Protein identification by MS

Protein identification results are shown in Table 1. A total of
25 different proteins were identified as proteins of interest.
Keratin (spot 980) and albumins (spots 1222, 1355, 892, 1532

and 1446) were considered as meaningless. According to their
biological function, proteins listed in Table 1 were classified
into the following categories: structural proteins (12 proteins,
48 %), metabolic enzymes (five proteins, 20 %), transporters
(two proteins, 8 %), immunoglobulins (two proteins, 8 %) and
others (four proteins, 16 %). Figure 4 depicts the distribution
of differential proteins according to functional categories.
Figure 5 shows the PMF analysed by MALDI-TOF/TOF
MS on the protein spot 1674 (HLA-DR).

ELISA of HLA-DR

As is shown in Fig. 6, the mean level of HLA-DR in SF from
OA patients (9.86±5.17 ng/ml) is higher than that from non-
OA patients (4.58±2.06 ng/ml), and the difference is statisti-
cally significant (p=0.007). According to the KL grading
criteria, the mean level of HLA-DR in SF from KL grade 2
is 7.14±3.87 ng/ml, that fromKLgrade 3 is 10.36±4.86 ng/ml
and that from KL grade 4 is 13.90±5.20 ng/ml. It was found
that the mean level of HLA-DR in SF from KL grade 4 is
significantly elevated compared with those from non-OA
patients (p<0.001), KL grade 2 (p<0.001) and KL grade 3
(p=0.038). Moreover, the mean level of HLA-DR in SF from
KL grade 3 is markedly higher than those from non-OA
patients (p=0.001) and KL grade 2 (p=0.027). Although the
mean level of HLA-DR in SF from KL grade 2 is greater than
that from non-OA patients, the difference was not statistically
significant (p=0.106). The levels of HLA-DR in SF are pos-
itively correlated with OA severity (r=0.61, p<0.001).

Fig. 2 A2-DE image of SF proteins. Spots showing statistically different
abundance in OA are enclosed in circles and numbered according to spot
ID. Spots in red circles correspond to up-regulation; in contrast, those in
green circles refer to down-regulation
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Discussion

OA is characterised by the phenomena of synovial hyperplasia
and hyperosteogeny which can be reflected in our analysis by
the identification of proteins involved in cell proliferation.
These proteins and their possible mechanism in proliferation
are stated as follows: (1) KLF10, also known as transforming
growth factor-β-inducible early gene (TIEG1), is a member of
the Krüppel family of transcription factors in human osteo-
blasts [13], playing a pleiotropic role in cell proliferation,
endocrine, metabolism and circadian signals [14]. It regulates
the expression and activity of Runx2 which is known to be a
determining transcription regulator of cell phenotype commit-
ment and growth [15] and essential for osteoblast lineage
commitment, differentiation, bone matrix formation and min-
eralisation [16]. The positive regulation of KLF10 in Runx2
expression implies its additional role in regulating osteoblas-
togenesis and bone development [17]. (2) p130 [18] and PTP
were reported to be expressed in response to cell growth
signals and tightly associated with cell proliferation. As a
GTP/ATP binding protein with intrinsic GTPase/ATPase ac-
tivities, the alterations of p130 during mitosis are well corre-
lated with the nucleolar disassembly and reassembly [19]. (3)
As for HSPA9, a mitochondrial chaperone of the heat shock
protein (HSP) 70 family, it has important roles in stress re-
sponse, glucose regulation, cell proliferation, differentiation
and tumourigenesis. HSPA9 overexpression can suppress the
pro-apoptotic effect of various substances [20]. (4) RPL27a is
required to maintain the growth rate in higher eukaryotes; the
loss of RPL27a can result in a reduced growth rate as well as
developmental defects [21].

Besides the above-mentioned proteins described to pro-
mote cell proliferation, there are also some proteins which

may play a suppressive role. In previous reports in the
literature, high secernin-1 expression seemed to be correlat-
ed with better prognosis in synovial sarcoma patients com-
pared to those with low expression of secernin-1 [22].
Another down-regulated protein identified in our analysis,
β-catenin-interacting protein, can inhibit the Wnt signalling
pathway to mediate cell growth, proliferation and tumouri-
genesis [23]. These proteins may work together and mediate
cell proliferation during OA progression.

Inflammatory arthritis patients always have higher SF apo-
lipoprotein levels, reflecting increased synovial permeability
due to vasodilatation from pre-existing blood vessels or to
marked neoangiogenesis [24]. SF apolipoproteins can modu-
late the inflammatory reaction within the synovial space.
Infiltration of apolipoprotein A-I has been observed in rheu-
matoid arthritis (RA) patients in the perivascular regions of
synovial tissue where it can locally inhibit the production of
proinflammatory cytokines by monocyte/macrophages upon
direct contact with stimulated T lymphocytes [25]. In addition,
increased apolipoprotein A-1 levels are also associated with
knee OA [26]. Recently it has been shown to influence the
immune response by modulating the Treg response [27].
Besides apolipoproteins, the high-density lipoprotein (HDL)
receptor scavenger receptor class B, type 1 (SR-B1) expressed
in RA synovial tissue can mediate acute phase serum amyloid
A (A-SAA)-induced proinflammatory pathways [28]. The
increase of these proteins in SF suggests that an inflammatory
mechanism may also be involved in the pathogenesis of OA.

In recent years, more and more studies have attached
importance to the immunological mechanism in OA patho-
genesis. Cooke detected the precipitation of anti-collagen II
IgG, IgA and complement C3 on the surface of deficient
articular cartilage [29]. This coincides with the identification

Fig. 3 Close-up sections and ImageMaster 3D views of six differen-
tially expressed protein spots in SF from OA patients. HSPA9 human
heat shock 70 kDa protein 9, KLF Krüppel-like zinc finger protein,

Apo A-I apolipoprotein A-I, HLA-DR human leucocyte antigen DR,
PTP protein tyrosine phosphatase
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of immunoglobulin heavy chain constant and variable region
in our study. In addition to humoral immunity, cellular immu-
nity may also be considered as a potential determinant in-
volved in OA pathogenesis. This can be implied in two
proteins identified in our analysis. HLA-B is strongly associ-
ated with predisposition to rheumatoid and other autoimmune

disorders. Like other MHC-I molecules, it is involved in the
cellular immune reactivity of cytolytic T lymphocytes.
Compared to HLA-B, the increase of soluble HLA-DR
(sHLA-DR) has been verified by ELISA in our study; more-
over, SF HLA-DR levels show positive correlation with OA
severity. As was demonstrated in previous reports in the

Fig. 4 Graphical representation of the functional classification of differentially expressed proteins in SF from OA patients compared with non-OA
controls based on the data in Table 1

Table 1 The differentially expressed proteins between OA and non-OA groups identified by MALDI-TOF/TOF MS

Spot
ID

Protein name Mr pI Peptides Sequence
coverage

Score Protein
expression

Match Total

1031 Apolipoprotein A-IV 45,353 5.33 19 79 38 % 92 ↑

608 Protein tyrosine phosphatase (PTP) 135,617 5.91 27 83 24 % 77 ↓

640 Dynamin 97,545 7.31 20 69 22 % 75 ↑

1503 HLA-B α chain 21,063 5.97 21 60 47 % 86 ↑

1046 Immunoglobulin heavy chain constant region 49,433 6.40 8 47 17 % 98 ↑

1668 Chain A, solution structure of the mitochondrial ribosomal
protein L17 isologue

13,656 9.37 10 61 73 % 68 ↑

919 RNA binding protein, homologue 2 60,515 9.56 13 58 27 % 81 ↑

853 A kinase (PRKA) anchor protein 4 75,598 8.48 17 71 29 % 87 ↑

1644 Chain A, crystal structure of mutant human lysozyme 14,606 9.14 7 65 45 % 76 ↓

1180 Hakata antigen 32,868 6.20 10 64 32 % 74 ↑

1441 H-ficolin 25,068 6.14 8 50 34 % 66 ↑

660 Microtubule-associated protein 1B 81,909 8.80 15 72 20 % 73 ↑

1667 Immunoglobulin ε heavy chain variable region 11,563 9.01 6 56 70 % 96 ↑

601 Axonemal dynein light chain domain-containing protein 1 117,953 5.49 19 67 21 % 75 ↑

868 PAB-dependent poly(A)-specific ribonuclease subunit 3 61,990 8.29 12 74 29 % 84 ↑

653 Krüppel-like zinc finger protein (KLF) 75,080 9.44 10 45 20 % 82 ↑

1421 Calumenin isoform 5 26,847 4.61 6 40 31 % 70 ↓

1403 Scavenger receptor 28,852 6.65 8 55 29 % 74 ↑

1475 Apolipoprotein A-I 23,389 5.55 7 31 35 % 127 ↑

1134 Secernin 41,237 5.80 7 48 21 % 69 ↓

1720 β-catenin-interacting protein 1 9,165 5.33 5 36 59 % 66 ↓

1674 HLA-DR 10,953 6.08 4 54 43 % 87 ↑

912 HSPA9 protein 73,808 6.04 16 57 34 % 82 ↑

1501 Ribosomal protein L27a (RPL27a) 3,706 9.69 3 21 82 % 75 ↑

1089 Nucleolar phosphoprotein p130 (p130) 73,677 9.48 7 39 16 % 85 ↑

The spot ID refers to the number used in 2-DE to indicate the location of the protein. The protein score is −10×Log(P), where P is the probability
that the observed match is a random event. Protein scores greater than 66 are significant (p<0.05). “↑”indicates the up-regulated proteins in OA.
“↓”indicates the down-regulated proteins in OA
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literature, the shared epitope referring to the conserved linear
sequence of amino acids in the DRB1 chain of the HLA-DR
α/β heterodimer was associated with joint destruction and
periodontal disease in RA [30]. In addition, a protective effect
of DERAA-containing HLA-DRB1 alleles on RA develop-
ment has been previously reported [31]. Elevated SF sHLA-
DR may be related to various HLA-DR turnover rates or
differently regulated release mechanisms, allele-specific “se-
cretor types”, and proteolytic cleavage of cell-bound counter-
parts may also contribute to the increase [32]. HLA-DR may

modulate T-cell activation in at least two ways: On the one
hand, sHLA-DRmay suppress T-cell activation by competing
with their cell-bound counterparts for TCR and/or CD4 bind-
ing. The appearance of smaller sized sHLA-DR may be an
attempt of the immune system to counteract the expansion of
CD4 T lymphocytes as a result of the disease [32]. On the
other hand, autologous sHLA-DR presented by antigen-
presenting cells (APCs) can trigger a vicious circle of immu-
nostimulation and promote the spontaneous proliferation of
SF monocytes in a manner analogous to the autologous mixed

Fig. 6 ELISA results. a, b Box plot presentation of HLA-DR concen-
trations in SF from non-OA and OA patients. The boundary of the box
closest to zero indicates the 25th percentile, the line within the box
marks the median and the boundary of the box farthest from zero
indicates the 75th percentile. Whiskers below and above the box

indicate the minimal and the maximal values recorded, respectively. c
Scatter plot presentation of the relationship between HLA-DR concen-
trations and OA severity. The plot shows that they are positively
correlated (r=0.61, p<0.001)

Fig. 5 PMF of spot 1674 by MALDI-TOF/TOF MS. After a database search, the protein was identified as HLA-DR. The protein score (87) is
significant (p<0.05) and sequence coverage reaches 43 %
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lymphocyte reaction under pathological conditions [33]. Such
HLA-DR driven, macrophage/T cell interactions occurring in
the synovial membrane are thought to initiate RA in the
absence of exogenous antigens [34]. In summary, different
forms of sHLA-DR may exert contrary (tolerogenic or immu-
nogenic) effects.

The hypothesis that the complement system may partici-
pate in OA pathogenesis can be substantiated by the identifi-
cation of H-ficolin/Hakata antigen. Ficolins are soluble pattern
recognition molecules that activate the complement system
via the lectin pathway [35]. One study has described an
association between two single-nucleotide polymorphisms in
the ficolin gene and RA susceptibility [36]. In addition, ficolin
in SF is correlated with the total number of leucocytes and
polynuclear cells in SF and plasma C-reactive protein (CRP)
in RA patients [37]. Thus, it can be inferred that an immuno-
logical mechanism including humoral and cellular immunity
along with the complement system may be a non-neglectable
determinant contributing to OA pathogenesis.

To compare the SF protein expression between OA and
healthy people will further elucidate the molecular mecha-
nism of OA and find potential new markers for OA diagno-
sis. In our study, we first intended to include healthy
individuals as a control group but this could not be realised
due to ethical restrictions. However, we consider that it is
reasonable to choose non-OA patients with other specific
knee disorders such as meniscus injury or discoid meniscus
as the control group. The reasons are stated as follows: (1)
Considering that protein expression in SF may depend on
the time course after injury, we examined the patients with
meniscus injury recruited in our study between one and
three days after injury and aspirated SF simultaneously; as
far as we know, SF protein expression cannot change obvi-
ously in a short time after injury. In addition, the period is
also too short to generate proteins derived from cartilage
matrix degradation in secondary articular cartilage injury or
proteins having a reparative effect on secondary tissue
lesions. The phenomenon that most differentially expressed
proteins detected in our study is due to promotion of prolif-
eration or an immunological mechanism rather than trauma
or acute inflammation can further prove this opinion. We
are, thus, able to say that, except for some acute phase
proteins, there could not be much difference in the SF
protein spectrum of patients with meniscus injury compared
to that of healthy people. (2) Articular cartilage is the main
target of the harmful influences that cause OA and the
structure in which the main pathological changes occur.
Nevertheless, all of the patients with meniscus injury chosen
as controls exhibited intact articular cartilage under arthros-
copy. (3) None of the meniscus injuries in controls involved
the red zone which is rich in blood vessels, so we can also
exclude the possibility of blood contamination. For the
reasons given above, we considered non-OA patients

fulfilling these conditions as an appropriate control group
in this scenario.

Many proteins identified are reported to be differently
expressed in SF from OA patients for the first time in our
analysis; some of them have been reported to be involved in
the pathogenesis of other inflammatory arthritides, which
might also play a potential role in OA. However, for lack of
corresponding functional analysis of these differentially
expressed proteins, we do not exactly know how these
proteins act in OA progression, which will need further
research.
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