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Quantitative proteomic analysis comparing grades
ICRS1 and ICRS3 in patients with osteoarthritis
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Abstract. Osteoarthritis (OA), which is caused by joint damage,
is the most common form of arthritis, affecting millions of
people worldwide. This damage can accumulate over time,
which is why aging is one of the main contributors to joint
damage associated with OA. The OA-related proteins that have
been reported to date have been identified by the compara-
tive analysis of OA patients with normal controls, following
surgical or pharmacological treatment. For the first time, the
present study analyzed OA-related proteins in patients with OA
according to the International Cartilage Repair Society (ICRS)
scale. Changes in protein expression can be observed during
the OA process. The present study demonstrated differential
protein expression patterns in articular cartilage from ICRSI-
and ICRS3-graded OA patients. ICRS grade-matched OA knee
samples from 12 OA patients, 6 ICRS grade 1 patients and
6 ICRS3 patients were subjected to proteomic analysis using
the LTQ-Orbitrap mass spectrometry system. A total of 231
unique proteins were identified as expressed across the ICRS1
and ICRS3 OA patient groups. Relative differences in protein
expression associated with the following classifications were
observed: Biological adhesion, cell killing, cellular process,
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development process and molecular function. Although some
of these proteins have been previously reported to be associ-
ated with rheumatoid arthritis, including cartilage oligomeric
matrix protein, collagen types, angiogenin, complement C5
and CD59 glycoprotein, numerous additional proteins were
newly identified, which may further help our understanding
of disease pathogenesis. These findings suggested that these
proteins may be used to develop novel therapeutic targets
for OA.

Introduction

Osteoarthritis (OA) continues to increase in prevalence, due
to population aging, prolonged life expectancy and obesity.
Patients with OA suffer from low quality of life associated
with chronic pain and reduced joint function (1). Globally,
musculoskeletal disorders represent a high proportion of
conditions associated with years lived with disability, and a
sharp increase in the incidence of musculoskeletal disorders
was observed between 1990 and 2015 (2). OA is a representa-
tive musculoskeletal disorder in which joint function becomes
irreversibly damaged due to aging, cartilage wear, trauma and
sustained joint inflammation (3). Knee-joint OA can easily
be diagnosed by X-ray radiography and is characterized by
the narrowing of the joint space, development of osteophytes,
sclerosis of the subchondral bone and cyst formation (4).
According to the Kellgren-Lawrence (KL) scale, four grades of
OA can be distinguished by X-ray observation (5). Throughout
the various stages of osteoarthritis, exercise, medication and
injection therapy have been shown to be very effective for
mitigating symptoms and have been used successfully (6).

The rising prevalence of OA has resulted in a recent
increase in the incidence of osteoporosis (7). Osteoporosis is
one of the most common public health problems in modern
society. Osteoporosis is characterized as a chronic skeletal
disorder that features the whole-body loss of bone mineral
density and micro-architectural bone tissue deterioration (8,9).
Patients who suffer from osteoporosis and osteoporotic frac-
tures are vulnerable to high rates of postoperative morbidity
and mortality (10,11).
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Patients who suffer from OA in an aging society are eager
to improve their quality of life. Thus, medical demand for
OA treatments is expected to grow rapidly. Prolonged life
expectancy requires appropriate treatments to ensure optimal
conditions and retained knee joint function (12,13). An accu-
rate understanding of the disease state is necessary to obtain
the best results when applying the various reported treatments.
The concepts of precision medicine and patient-specific care
are in line with expected medical trends. These approaches
achieve the best results for patient-specific care, by matching
the expression of specific proteins in OA cartilage and medical
imaging data at various stages of KL. Previous studies have
been conducted to determine the physiological and chemical
properties of OA tissues, and numerous factors have been iden-
tified as associated with the status and severity of OA (14,15).

Most of the previous proteomic analyses have been
performed as comparative analyses of patient groups treated
with different pharmacological or surgical methods. In
the present study, the different stages of OA were divided
according to the International Cartilage Repair Society (ICRS)
grades (16) and the proteins expressed at each stage were
compared. ICRS grade 1 is characterized by superficial
cartilage lesions, whereas grade 2 describes lesions extending
to <50% of cartilage depth. Cartilage defects extending to
>50% of cartilage depth but not through the subchondral bone
are categorized as ICRS grade 3, and cartilage that is severely
damaged to the subchondral bone layer is scored as ICRS
grade 4. Grade 1 is nearly normal, whereas grades 3 and 4 are
severely abnormal, and grade 4 can lead to the development of
sclerosis or bony defects in the subchondral bone layer. The
present study aimed to determine the proteomic differences in
the OA knee between different ICRS grades. The changes in
various proteins according to the ICRS grade were analyzed,
which may highlight a novel way to develop patient-specific
care or treatment for patients with OA.

Materials and methods

Patients and ICRS collection. The present study received
Research Ethics Board approval from the International St.
Mary's Hospital, Kwandong University College of Medicine
(CKU-020-6). Informed consent was obtained from all
patients. According to a report by the Health Insurance
Review and Assessment Service of South Korea in 2019, the
total number of knee arthroplasty surgeries among the ages of
70 and 79 was 58,788. Among them, the ratio males to females
was 50,277:8,561. There are more however surgeries for OA
in women than men with a ratio of ~5.9:1 (Health Insurance
Review and Assessment Service. 2020, https://opendata.
hira.or.kr/home.do). As a control group, ICRS grade 1 was
selected. In the late stages of degenerative arthritis, cartilage
loss progresses, and in grade 4 patients undergoing TKA,
sclerosis progresses and the unique characteristics of cartilage
are lost. Therefore, grade 3, in which the unique characteristics
of subchondral bone are maintained to some extent, was desig-
nated as the representative of the severe group. In the case of
severe ICRS3, distal condyle bone stalk obtained during distal
cutting of the femur was analyzed during TKA. The size of
the specimen is about 2x3 cm, and when diagnosing the ICRS
grade of the cartilage surface, the most characteristic part was

used in the present study. The samples for the present study
were obtained retrospectively from six patients with ICRS
grade 1 and 6 patients with ICRS grade 3. Patients were clas-
sified according to the ICRS grade and had not received any
treatment prior to tissue collection (Table I). Patients with
rheumatoid arthritis (RA) and autoimmune diseases were
excluded from the study.

Sample preparation. ICRS1 and ICRS3 patient samples were
obtained through distal compartment pieces of medial and lateral
femoral condyles of the femur during total knee arthroplasty and
kept on ice. Samples were homogenized in TissueLyser Bead
Homogenizer (Qiagen GmbH) and transferred into a sterile
1.5 ml centrifuge tube and centrifuged at 15,800 x g for 5 min at
4°C and supernatant was collected. Samples were immediately
stored at -80°C until further processing. In the present study,
samples were blinded, thawed on ice and their total protein
concentration was evaluated using a Pierce Coomassie total
protein assay (Thermo Fisher Scientific, Inc.).

Sample preparation for proteomic analysis. For proteomic
investigations, ICRS samples were first adjusted to 50 pg total
protein in 50 mM ammonium bicarbonate (ABC). Protein
concentration was determined using Amicon® Ultra-0.5
centrifugal filter devices (10 kDa molecular weight cut-off;
Merck KGaA) which were pre-equilibrated with 400 ul of
50 mM ABC. Samples were loaded, centrifuged at 15,800 x g
for 35 min at 4°C and supernatant transferred into a new tube.
Concentrates were collected and adjusted to a total volume
of 100 ul using 50 mM ABC. Proteins were denatured using
powdered urea to a final concentration of 8 M. Dithiothreitol
was added to each sample to the final concentration of 10 mM
and samples were incubated at 37°C for 1 h. Subsequently,
alkylation with 50 mM iodoacetamide was performed at room
temperature in the dark for 45 min. Samples were diluted
fivefold with 50 mM ABC to prevent inhibition of trypsin
activity by high concentrations of urea. Samples were digested
with trypsin in a 1:40 ratio (trypsin to total protein) overnight
at 37°C, followed by acidification using dropwise addition of
trifluoroacetic acid (pH 2) to inhibit trypsin activity. Samples
were decreased to 300 ul via speed vacuum concentration
and stored at -20°C until capillary column liquid chromatog-
raphy-tandem mass spectrometry was performed.

Mass spectrometry (MS) analysis. MS experiments were
performed using LTQ-Orbitrap mass spectrometry system
(Thermo Finnigan) equipped with nano-spray ionization
sources. Data were acquired in data-dependent mode to
simultaneously record full-scan mass and collision-induced
dissociation (CID) spectra with multistage activation. For
peptide mapping, the CID spectra were compared to the
sequence of human KRS using Sequest (Bioworks; Thermo
Electron). The MS/MS spectra were analyzed by Sorcerer 2
software v.4.0 (Sage-N Research Inc.) with Scaffold 4 Q+S as
the search program for peptide/protein. The threshold was set
to a minimum of one peptide identified with 90% confidence
and the false discovery rate was automatically calculated
based on default parameters from the software. The relative
abundance of each identified protein in different samples was
analyzed by QTools (Version 6.9.3; Nanoscience Instruments).
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Table I. Clinicopathological characteristics of patients with
osteoarthritis included in the present study.

ICRS grade
Characteristics 1 111 P-value
Age, years 71.8+5.0 74.8+3 0.255
Sex, W:M 6:0 5:1 0.363
BMI, kg/m? 27.3+3.7 25.5+4.0 0432
K-L grade 3.7+0.5 32404 0.094

ICRS, International Cartilage Regeneration & Joint Preservation
Society; BMI, Body Mass Index; K-L grade, Kellgren-Lawrence grade;
M, men; W, women.

Bioinformatics analyses. Pathway analysis of up-/down-regu-
lated proteins identified by LC-MS/MS was conducted using
the Gene ontology (GO) annotation. GO annotation data for a
variety of information is available from the UniProt-Human
Protein Reference Database (http://www.hprd.org) and the
Gene Ontology Consortium website. GO-based analysis
was performed to classify proteins based on their biological
process, molecular function, cell process and developmental
process using Sorcerer 2.

Statistical analyses. Two tailed unpaired Student's t-test was
used to compare patients with ICRS1 grade and patients with
ICRS3 grade. P<0.05 was considered to indicate a statistically
significant difference.

Results

Holistic protein and peptide mining. Only proteins showing
at least one peptide with an individual score confidence
>20 PEAKS when the scaffold parameter was set at a protein
threshold of 90% were considered as valid candidates. A
total of 224 unique proteins were identified across ICRS1
and ICRS3 patient proteomic samples. When assessing each
cohort individually, 198 unique proteins were identified in
ICRSI patient samples and 162 unique proteins were identified
in ICRS3 patient samples. A review of the overlap between the
proteomes of each cohort revealed the 220 proteins that were
common to both patient groups (Fig. 1).

GO-based classification of proteins. For the following anal-
yses, we focused on a list of reliable proteins classified into
GO-based categories, including biological process (Fig. 2A),
cellular component (Fig. 2B) and molecular function (Fig. 2C),
according to the Human Protein Reference Database. To
obtain deeper biological insights into the proteins identified in
the two grade groups of OA tissues, we classified the identified
proteins into GO-based categories, including biological adhe-
sion, cell killing, cellular process, developmental process and
molecular process (Fig. 2A). Proteins were mostly categorized
as either involved in cellular processes (n=142) or biological
regulation (n=128) and were primarily involved in a cascade of
functions, including cell growth, cell killing, adhesion, cellular
process and development, and molecular functions. From the

Gl G3

Figure 1. Venn diagram of proteins identified in ICRS patient samples. The
total number of proteins identified was 234, with three proteins detected in
the ICRS1 group, one protein detected in the ICRS3 group and 230 proteins
detected in both groups. ICRS, International Cartilage Repair Society.

category of proteins involved in biological processes, we
selected those that showed significant log-fold differences in
expression between the ICRS1 and ICRS3 groups.

Biological adhesion proteins. The first proteomic analysis
was limited to the top twenty identified adhesion-related
proteins. Cell adhesion proteins represent a subset of proteins
that are located on the cell surface and function in cell-cell
adhesion and the adhesion of cells to their surroundings,
which are crucial for the maintenance of tissue structure and
function (17). Cartilage oligomeric matrix protein (COMP),
fibrinogen, actin, thrombospondin-4, vitronectin and lacta-
dherin were identified as differentially expressed proteins
in samples from patients with OA. COMP has recently been
suggested to act as a prognostic and diagnostic marker for
RA (18). Although COMP appears to be upregulated in OA, no
significant difference was observed in COMP levels between
ICRSI and ICRS3 (log 0.38-fold) tissues (Table II). Notably,
a 21-fold increase in thrombospondin-1 levels was observed
in the ICRS3 group. Additional proteins that exhibited differ-
ential expression included various collagen (COL) proteins,
including COL6A2, COL6A3 and COL14A1, showing slightly
lower expression in the ICRS3 group than in the ICRSI group.

Cell death (cell killing proteins). Cell-killing mechanisms
induce cell death, resulting in the loss of biological cell func-
tions (19,20). Our proteomic analysis identified seven cell
death-related proteins that showed differential expression
in the ICRS3 group compared with the ICRS1 group. These
proteins were the following: Lysozyme C (LYZ; -0.74-fold),
peroxiredoxin-1 (PRDX1; -0.32-fold), tubulin  chain (TUBB;
-log 0.74-fold), histidine-rich glycoprotein (HRG; 0.38-fold),
histone H2B type 1-J (HIST1H2BJ; 1.77-fold) and serum
albumin (ALB; log 21-fold; Table III). Although most of the
identified proteins showed small changes, HISTIH2BJ showed
a significant increase in the ICRS3 group compared with
the ICRSI1 group. Phosphorylated histone H2B is thought to
induce cell death in joints. Although ALB has been shown to
protect against cell death (21), the high ALB levels observed in
the ICRS3 group suggested that this protein may be involved
in the regulation of joint environment homeostasis.
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Table II. Fold change ratios of selected upregulated or downregulated protein candidates for biological adhesion proteins in

ICRS1 and ICRS3 groups.

Regulation Protein Gene name Fold change (Log) P-value

Up Thrombospondin-1 THBS1 21.00 0.28
Hemoglobin subunit § HBB 1.58 0.2
Isoform 2C2A of collagen a-2 (VI) chain COL6A2 1.38 0.15
Thrombospondin-4 THBS4 1.14 0.13
Isoform 2 of cadherin-23 CDH23 1.00 0.12
Cartilage oligomeric matrix protein COMP 0.68 0.32
Transforming growth factor-B-induced proteinig-h3 TGFBI 0.38 0.6
Apolipoprotein A-IV APOA4 0.14 0.89

Down Fibronectin FNI1 -0.32 0.34
Isoform 2 of collagen a-3 (VI) chain COL6A3 -0.51 0.69
Protein AMBP AMBP -0.51 0.69
Isoform 2 of collagen a-1 (XIV) chain COL14A1 -0.51 0.75
Chloride intracellular channel protein 1 CLIC1 -0.51 0.71
Isoform y-A of fibrinogen y chain FGG -0.74 0.57
Vitronectin VTN -0.74 0.18
Lactadherin MFGES8 -0.74 0.49
Fibrinogen [ chain FGB -1.32 043
Actin, cytoplasmic 1 ACTB -1.32 0.13
Fibrinogen o chain FGA -1.74 0.34
Isoform 2 of EGF-like repeat and discoidin I-like EDIL3 -2.32 0.22

domain-containing protein 3

Up, upregulated; down, downregulated.

Cellular process proteins. A total of 107 proteins were iden-
tified that were classified as cellular process-related proteins.
Cellular processes are mediated through the complex
actions of several biological molecules that communicate
via biophysical or biochemical interactions (22). Proteins
associated with several cellular processes were identified,
which presented either increased or decreased expression
levels in the ICRS3 group, and changes in these protein
levels can either accelerate OA progression or alleviate
OA symptoms. The results from our analysis (Table IV)
demonstrated that the expression levels of phosphatidyletha-
nolamine-binding protein 1 (PEBPI; -log 1.32-fold), pigment
epithelium-derived factor (SERPINFI; log 1-fold), tetra-
nectin (CLEC3B; -log 2.32-fold), apolipoprotein E (APOE,;
-log 2.32-fold), procollagen C-endopeptidase enhancer
1 (PCOLCE; -log 2.32-fold), collagen type I a 1 chain
(COL1AL; -log 4.64-fold), cartilage intermediate layer protein
(CILP; -log 18.35-fold), cartilage acidic protein 1 (CRTACI,
-log 19.93-fold) and collagen type I a 2 chain (COL1A2;
-log 23.25-fold) were decreased in the ICRS3 group compared
with the ICRS1 group. Conversely, the expression levels of
apolipoprotein B-100 (APOB; log 2.04-fold), isoform 2C2A
of the collagen type VI a 2 chain (COL6A2; log 1.38-fold),
antithrombin-IIT (SERPINC; log 1.2-fold) and prelamin-A/C
(LMNA; log 17.82-fold) were increased in the ICRS3 group
compared with the ICRS1 group. The results confirmed that
the expression level of LMNA was remarkably high in the
ICRS3 group, and that LMNA high expression level and the

presence of LMNA mutations are known to be contributors
of the apoptosis of OA chondrocytes (23,24).

Developmental process proteins. The results from proteomic
assay identified 51 developmental process-related proteins.
Proteins involved in the developmental process, which
describe the processes through which multicellular organisms
develop from the early immature stage, are responsible for
the maturity and differentiation of various organisms (25-27).
Of the 51 identified proteins, the following proteins showed
significantly decreased expression levels in the ICRS3
group compared with the ICRS1 group: Glutathione 5-trans-
ferase P (G5TPI; -log 1.00-fold), chondroadherin (CHAD;
-log 1.32-fold), angiogenin (ANG; -log 1.74-fold), procol-
lagen C-endopeptidase enhancer 1 (PCOLCE; -log 2.32-fold),
tetranectin (CLEC3B; -log 2.32-fold) and collagen type I a 1
chain (COL1ALI; -log 4.64-fold). Conversely, the expression
levels of apolipoprotein A-II (APOA?2; log 1.32-fold) and
collagen type V a 2 chain (COL5A2; log 8.57-fold) were
significantly increased in the ICRS3 group compared with the
ICRSI group (Table V).

Growth and molecular function proteins. Growth and molecular
function-related proteins not only play important roles in cell
and tissue growth but are also important for cartilage regenera-
tion related to OA (28,29) In the present study, we identified 4
and 114 proteins related to growth and molecular functions,
respectively, and we confirmed that their expression levels
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Table III. Fold-change ratios of selected upregulated or downregulated protein candidates for cell killing proteins in ICRS1 and
ICRS3 groups.

Regulation Protein Gene name Fold change (Log) P-value

Up Serum albumin ALB 21.00 0.88
Histone H2B type 1-J HIST1H2BJ 1.77 044
Glyceraldehyde-3-phosphate dehydrogenase GAPDH 0.38 0.23
Histidine-rich glycoprotein HRG 0.38 0.8

Down Peroxiredoxin-1 PRDX1 -0.32 0.77
Lysozyme C LYZ -0.74 0.66
Tubulin 3 chain TUBB -0.74 042

Up, upregulated; down, downregulated.

Table I'V. Fold-change ratios of selected up-regulated or down-regulated protein candidates for cellular process proteins in ICRS1
and ICRS3 groups.

Regulation Protein Gene name Fold-change (Log) P-value

Up Thrombospondin-1 THBSI 21.00 0.28
Prelamin-A/C LMNA 17.81 0.34
Apolipoprotein B-100 APOB 2.04 0.14
Isoform 2C2A of Collagen a-2 (VI) chain COL6A2 1.38 0.15
Hemoglobin subunit o HBD 1.32 0.46
Fibulin-1 FBLN1 1.20 0.32
Antithrombin-IIT SERPINCI1 1.20 0.17
Thrombospondin-4 THBS4 1.14 0.13
Carbonic anhydrase 1 CAl 1.14 0.36
Superoxide dismutase [Cu-Zn] SOD1 1.07 0.2
Isoform 2 of cadherin-23 CDH23 1.00 0.13
Retinol-binding protein 4 RBP4 1.00 0.017

Down a-1-antitrypsin SERPINA1 -1.00 0.15
Lumican LUM -1.00 0.12
Pigment epithelium-derived factor SERPINF1 -1.00 0.36
Fibrinogen 3 chain FGB -1.32 043
Actin, cytoplasmic 1 ACTB -1.32 0.13
Biglycan BGN -1.32 0.023
a-1-antichymotrypsin SERPINA3 -1.32 0.27
Phosphatidylethanolamine-binding protein 1 PEBP1 -1.32 0.067
Argininosuccinate synthase ASS1 -1.32 0.48
Fibrinogen o chain FGA -1.74 0.34
Complement component C8 a chain C8A -1.74 0.27
Apolipoprotein E APOE -2.32 0.24
Procollagen C-endopeptidase enhancer 1 PCOLCE -2.32 0.081
Tetranectin CLEC3B -2.32 0.073
Collagen a-1 (I) chain COL1A1 -4.64 0.35
Cartilage intermediate layer protein 1 CILP -18.35 0.59
Cartilage acidic protein 1 CRTACI -19.93 0.15
Collagen a-2 (I) chain COL1A2 -23.25 0.34

Up, upregulated; down, downregulated.

were increased or decreased in the ICRS3 group compared  argininosuccinate synthase (ASSI; -log 1.32-fold), isoform 2
with the ICRS1 group. Metallothionein-2 (MT2A; of N-acetlymuramoyl-L-alanine amidase (PGLYRP2;
-log 1.00-fold), metallothionein-1X (MT1X; -log 1.32-fold), -log 1.74-fold) and CD59 glycoprotein (CD59; -log 1.74-fold)
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Table V. Fold-change ratios of selected up-regulated or down-regulated protein candidates for developmental process proteins in
ICRS1 and ICRS3 groups.

Regulation Protein Gene name Fold-change (Log) P-value

Up Collagen a-2 (V) chain COL5A2 8.57 0.34
Apolipoprotein A-II APOA2 1.32 0.33
Fibulin-1 FBLN1 1.20 0.32
Isoform 2 of cadherin-23 CDH23 1.00 0.10
Annexin A2 ANXA2 1.00 0.48

Down Glutathione S-transferase P GSTP1 -1.00 0.19
Actin, cytoplasmic 1 ACTB -1.32 0.13
Phosphatidylethanolamine-binding protein 1 PEBPI -1.32 0.067
Chondroadherin CHAD -1.32 042
Argininosuccinate synthase ASS1 -1.32 0.48
Angiogenin ANG -1.74 0.21
Procollagen C-endopeptidase enhancer 1 PCOLCE -2.32 0.081
Tetranectin CLEC3B -2.32 0.073
Collagen a-1 (I) chain COL1Al -4.64 0.35

Up, upregulated; down, downregulated.

Table VI. Fold-change ratios of selected upregulated or downregulated protein candidates for growth and molecular function
process proteins in ICRS1 and ICRS3 groups.

Regulation Protein Gene name Fold-change (Log) P-value

Up Complement C5 C5 19.8 0.13
Ryanodine receptor 1 RYRI 18.38 0.34
Apolipoprotein E APOE 2.32 0.24
Apolipoprotein B-100 APOB 2.04 0.14
Peroxiredoxin-2 PRDX2 1.63 0.15
Carbonic anhydrase 1 CAl 1.14 0.36
Thrombospondin-4 THBS4 1.14 0.13
Lumican LUM 1 0.12
Complement factor H-related protein 1 CFHR1 1.00 0.57
Profilin-1 PFN1 0.32 0.76

Down Pigment epithelium-derived factor SERPINF1 -1.00 0.36
Metallothionein-2 MT2A -1.00 0.58
a-1-antichymotrypsin SERPINA3 -1.32 0.27
Phosphatidylethanolamine-binding protein 1 PEBP1 -1.32 0.067
Metallothionein-1X MTI1X -1.32 0.5
Argininosuccinate synthase ASS1 -1.32 0.48
Isoform 2 of N-acetylmuramoyl-L-alanine amidase PGLYRP2 -1.74 0.39
Annexin Al ANXAL1 -1.74 0.062
Complement component C8 o chain C8A -1.74 0.27
CD59 glycoprotein CD59 -1.74 0.36

Up, upregulated; down, downregulated.

expression levels were decreased in the ICRS3 group compared
with the ICRS1 group. Conversely, the expression levels of
apolipoprotein B-100 (APOB; log 2.04-fold), ryanodine receptor
(RYRI; log 18.38-fold) and complement C5 (C5; log 19.8-fold)
were increased in the ICRS3 group compared with the ICRS1

group. Interestingly, the expression level of C5 has been reported
to be increase in RA (30). In the present study, the identification
of upregulated C5 expression in OA suggested that increased
expression of C5 may serve as a major factor in OA develop-
ment (Table VI).
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Discussion

In the present study, we determined the differentially
expressed proteins between ISCR 1 and ISCR 3 grade
OA patients and analyzed these proteins according to the
GO-based classification of protein function. Most previous
reports have conducted proteomic analyses of OA patients
compared with control groups, following pharmacological
or surgical treatments (31,32). In previous studies, many
proteomic analyses for arthritis have been reported. However,
most studies did not accurately differentiate between RA and
degenerative arthritis. Furthermore, a number of biomarkers
for RA are involved in inflammatory diseases and autoim-
mune diseases (33-36). The present study aimed to determine
biomarkers in OA, which differs from rheumatism, and
performed proteomic analysis according to ICRS grade. The
present study analyzed the differential expression of proteins
in tissue samples from OA patients with early or late ICRS
stages, in order to identify potential OA-inducing factors. Our
protein analysis identified numerous proteins, some of which
may be considered as potential parameters associated with
the progression of OA.

Following analysis of the proteins characterized as
biological adhesion proteins, COMP was found to be highly
expressed in OA patients; however, there was no significant
difference in COMP expression levels between the ICRS1
and ICRS3 grades. This result suggested that COMP may
act as an OA-inducing factor but may not affect ICRS grade.
Interestingly, thrombospondin-1 expression was increased
21-fold in the ICRS3 group compared with the ICRSI group.
Thrombospondin-1 can bind to fibrinogen, fibronectin,
laminin and type V collagen (37) and has been shown to
play certain roles in platelet aggregation, tumorigenesis and
angiogenesis (38-42). Both the procollagen domain and the
type I repeats of thrombospondin-1 have been reported to
inhibit neovascularization and endothelial cell migration.
Thrombospondin-1 contains three type I repeats, although only
the last two have been found to inhibit angiogenesis (43,44).
Thrombospondin-1 has also been shown to interact with
matrix metalloproteinase 2 (45). Thrombospondin-1 was found
to be highly expressed in OA and may regulate inflammation
in the joint area (46,47). Furthermore, the expression levels of
COLI1AL (-log 4.64-fold) and COL1A2 (-log 23.25-fold) were
significantly decreased in the ICRS3 group compared with
the ICRSI group in the present study. Increased COL1A1 and
COLI1A2 expression levels have been reported to reduce OA
progression (48). In the present study, the decreased expression
levels of COL1A1 and COL1A2 in the ICRS3 group compared
with the ICRS1 group suggested that changes in their expres-
sion may be associated with OA progression.

Angiogenin levels in the synovial fluid have been reported
to be increased in patients with inflammatory diseases
compared with healthy individuals (49). Furthermore, highest
angiogenin levels in the synovial fluid have been reported for
patients with active RA or acute gout (49). However, the present
study demonstrated that angiogenin expression was higher in
the ICRS1 group than in the ICRS3 group. Tetranectin is a
phosphorylated glycoprotein that has been hypothesized to
regulate mineral deposition within the bone (50,51); however,
the role of tetranectin in the pathogenesis of OA is currently

unclear. Tetranectin has been implicated in the impaired regu-
lation of fibrinolysis and is associated with the inflammatory
process in RA (52,53). However, the present study demonstrated
that tetranectin expression was decreased in the ICRS3 group
compared with the ICRSI group.

The presents study demonstrated that the expression levels of
C5 and RYRI1 were significantly increased in the ICRS3 group
compared with the ICRS1 group. Interestingly, C5 expression
was upregulated 19.8-fold in the ICRS3 group compared with
the ICRS1 group. The cleavage of C5 into C5a and C5b results
in the formation of the C5b-9 complex through the recruit-
ment of downstream complement proteins. The C5a receptor is
expressed in the cartilage of both normal subjects and patients
with OA and RA, and C5 receptor expression is induced by
interleukin-1f in chondrocytes (54-56). C5 activation in OA
may affect the experience of pain, which is a specific clinical
feature of OA, as CS5 plays a vital role in the onset of pain via
the activation and sensitization of nociceptors, both in vitro and
in vivo (57). In addition, antagonists or inhibitors of C5a recep-
tors might represent key candidates for pain therapy in OA. As
OA progresses and the ICRS grade increases, the expression
of C5 also appears to be increased, which may cause patients
to feel increasing pain. In addition, the membrane attack
complex (MAC) inhibitory protein CD59 is likely involved in
the protection against OA (57). Consistent with this finding, the
present study demonstrated that CD59 expression was decreased
in the ICRS3 group compared with the ICRSI group, suggesting
that OA progression may be further accelerated by MAC activity.

In summary, the present comprehensive analysis of protein
expression differences between ICRS grades demonstrated that
most OA-associated protein expression levels were increased
during the early ICRS stages and decreased as the ICRS grade
progresses. Furthermore, protein analysis on bone tissues
samples was performed according to ICRS grade. Comparative
analysis of proteins in bone tissues and blood will be performed
in future experiments. Collectively, the findings of the present
study suggested that the protein expression patterns associated
with OA onset and those associated with ICRS progression may
differ. Moreover, results of the present study suggested a poten-
tial novel treatment option for the target of thrombospondin-1
and C5, which were expressed in ICRS3 stage.
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