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Abstract
Background: As osteoarthritis (OA) is a highly heterogeneous disease in terms of progression, establishment of prognostic biomark-
ers would be highly beneficial for treatment. The present study was performed to identify novel biomarkers capable of predicting the 
progression of knee OA.
Methods: A total of 69 plasma samples (OA patients undergoing radiographic progression, n = 25; nonprogression, n = 33; healthy 
donors, n = 11) were analyzed by surface-enhanced laser desorption/ionization time-of-flight mass spectrometry (SELDI-TOF MS), and 
ion peaks of interest were identified by liquid chromatography and matrix-assisted laser desorption/ionization (MALDI)-TOF MS. The 
identities of these proteins were further validated by immunoprecipitation combined with SELDI-TOF MS analysis.
Results: SELDI-TOF MS analysis indicated that the intensities of 3 ion peaks differed significantly between progressors and 
nonprogressors. Subsequent analyses indicated that these peaks corresponded to apolipoprotein C-I, C-III, and an N-terminal truncated 
form of transthyretin, respectively. The identities of these proteins were confirmed by the loss of ion peaks in SELDI-TOF MS spectra 
by immunoprecipitation using specific antibodies for the respective proteins.
Conclusions: Three potential biomarkers were identified whose serum levels differed significantly between OA progressors and 
nonprogressors. These biomarkers are expected to be prognostic biomarkers for knee OA and to facilitate the development of novel 
disease-modifying treatments for OA.
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Introduction
Osteoarthritis (OA) is the most prevalent form of 
arthritis and is characterized by a gradual loss of 
cartilage matrix that often extends over years and 
decades. Age is the most powerful risk factor for OA. 
Thus, with increasing longevity, OA has now become 
a leading cause of disability for older adults in devel-
oped countries.

Although OA can affect any synovial joint, OA in 
knee joints has the highest prevalence rate and great-
est association with disability.1,2 Knee OA has now 
become a large economic and medical burden on 
society.3,4 Therefore, there is increasing demand to 
establish effective therapies for this disease. However, 
no effective treatments have yet been established for 
OA that can inhibit or even delay disease progression. 
This may be partly due to the lack of reliable biomark-
ers to predict disease progression. In knee joints, pro-
gression of OA is most often determined by changes 
in the joint space measured on plain radiographs 
obtained in weight-bearing positions.5,6 However, 
as progression of OA occurs gradually over several 
years, observation over an extended period of time 
is required to determine whether a given therapy can 
effectively inhibit progression of the disease. This 
necessity for a prolonged trial period significantly 
hinders the development of effective treatments for 
the disease. Thus, the establishment of reliable prog-
nostic markers would greatly facilitate the process 
of drug development by reducing the time required 
for clinical trials. Identification of proteins that are 
closely associated with disease progression may also 
be of benefit in research regarding the etiology of OA, 
which is still unclear.

Proteomic profiling technologies are powerful 
tools to discover biomarkers of disease.7 The basic 
strategy to explore biomarkers consists of fraction-
ation of proteins contained in samples and subsequent 
identification of proteins by mass spectrometry (MS). 
For the latter step, analysis by surface-enhanced laser 
desorption/ionization time-of-flight mass spectrom-
etry (SELDI-TOF MS) is now widely used. SELDI-
TOF MS is an array-based technology first introduced 
in 1993.8 In this technology, MS is combined with 
affinity chromatography to isolate a subset of proteins 
from complex protein samples, such as blood or urine, 
taking advantage of the physicochemical properties 
of the proteins.9 The advantages of SELDI-TOF MS 

analysis are its high throughput capacity, high degree 
of accuracy, and good reproducibility. This technol-
ogy also allows comparison of the entire protein pro-
files among samples because when using SELDI-TOF 
MS analysis, various proteins within the samples are 
detected by their respective ion peaks with intensi-
ties correlated with their levels.10 Recent studies have 
reported significant improvements in the quality and 
reproducibility of the data acquired by SELDI-TOF 
MS.11,12 Using this technology, biomarkers for can-
cers and inflammatory disorders have been success-
fully identified.13–15

In the present study, we performed a series of 
analyses to identify biomarkers in plasma that may 
predict progression of knee OA. SELDI-TOF MS 
analysis was performed, and the profiles of plasma 
proteins were compared between knee OA patients 
who did and did not show disease progression. To 
increase the sensitivity, 6 high-abundance proteins 
were depleted from the samples prior to the analysis. 
The candidate proteins were selected according 
to the differences in peak intensities between the 
2  groups of OA patients. The selected proteins 
were isolated by multiple liquid chromatography 
(LC) and finally identified by matrix-assisted laser 
desorption/ionization (MALDI)-TOF MS analysis. 
The identities of the proteins were confirmed by 
immunoprecipitation using specific antibodies for 
the respective proteins.

Materials and Methods
Subjects and sample collection
This study was approved by the institutional review 
boards of the participating institutions, and written 
informed consent was obtained from each subject 
prior to the study. To obtain plasma samples from 
OA patients who were undergoing disease progres-
sion (progressors) and those in a stable condition 
(nonprogressors), we performed a 2-year follow-up 
of 29 patients with knee OA. This study was con-
ducted as part of a 3-year follow-up study of knee 
OA patients including a larger number of patients.5 In 
this previous study, knee OA patients were recruited 
from among those visiting a community medical cen-
ter seeking medical care for symptomatic knee OA. 
Inclusion criteria were age 50 years or older, good 
general health, and primary knee OA with medial 
involvement in at least 1 knee. The diagnosis of 
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primary knee OA was based on the criteria of the 
American College of Rheumatology.16 Patients with 
significant impairment in the spine or lower extremi-
ties were excluded from the study, as were those with 
a history of previous injury or surgery. Patients in 
whom the joint space of the knee was closed due to 
the disease were also excluded because progression 
of the disease could not be evaluated in such cases.

During the 2-year study period, plasma samples 
were obtained from the subjects every 6 months. At 
the same visits, posteroanterior knee radiographs 
were obtained in a weight-bearing position, and the 
progression of knee OA was determined in respec-
tive knee joints from the changes in joint space width 
(JSW) on these radiographs.17,18 In this study, the 
plasma samples were retrospectively divided into 
2 groups, that is, those from the progressors and oth-
ers from the nonprogressors according to the follow-
ing strict criteria. Progressors were defined as patients 
in whom the JSW decreased at a rate of 0.1 mm/year 
or faster in any 6-month period, or between any 
2 consecutive visits, in at least 1 knee. Meanwhile, 
nonprogressors were patients in whom the JSW did 
not show any detectable change or reduced at a rate 
below 0.1 mm/year in the bilateral knees throughout 
the entire follow-up period (2 years). The progressors 
in this study often showed JSW reduction only in a 
specific 6-month period during the 2-year follow-up. 
Therefore, for progressors, the plasma obtained only 
at the visit immediately before or after a period in 
which JSW reduction occurred was chosen for the 
analysis.

Control plasma samples were obtained from 11 
age-matched donors without any significant health 
problems (Table  1). In these healthy donors, pos-
sible involvement of knee OA was excluded by pos-
teroanterior knee radiography in a weight-bearing 
position.

All blood samples were obtained from the sub-
jects in the morning under a fasted condition. To 
obtain plasma samples from the patients and healthy 
donors, peripheral blood was drawn into tubes con-
taining EDTA, and plasma was separated immedi-
ately after acquisition by centrifugation. The plasma 
samples were aliquoted and stored at −80  °C until 
use.

SELDI-TOF MS analysis to explore 
biomarker candidates
Our procedure for discovering prognostic bio-
markers is shown schematically in Figure  1. The 
plasma samples were first treated with Multiple 
Affinity Removal System (MARS) Spin Cartridges 
Human-6 (Agilent Technologies, Santa Clara, CA) 
to remove 6 high-abundance proteins (albumin, IgG, 
antitrypsin, IgA, transferrin, and haptoglobin). For 
this, 30-µL aliquots of plasma samples were passed 
through the column, and the flow-through fraction 
was obtained. This fraction was then desalted and 
purified by SepPak C8 reverse-phase column chro-
matography (Waters, Milford, MA). Following this 
step, the samples were dried and then reconstituted 
with U9 buffer (9.5 M urea, 2% CHAPS, 50  mM 
Tris-HCl, 1% DTT, pH 9.0), and incubated at 4 °C 
for 30 minutes to allow denaturation of the proteins. 

Table 1. Demographic characteristics of healthy donors.

Number of donors 11
  Female 9
  Male 2
Age* (years) 61.9 ± 11.7
Height* (cm) 152.1 ± 6.5
Weight* (kg) 52.7 ± 7.1
BMI* (kg/m2) 23.1 ± 3.1

Note: *Data are mean ± SD.

Plasma sample

Separation by ProteinChip

Validation of identification by immunoprecipitation

Protein identification by LC-MALDI and MS/MS analysis

Selection of peaks for potential biomarkers

SELDI-TOF MS analysis

Isoelectric fractionation

Reverse-phase column chromatography

Depletion of high-abundance proteins

Figure 1. Schematic diagram of our experimental procedure for identifi-
cation of prognostic biomarkers for knee OA.
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These samples were then separated into 6 fractions 
by isoelectric point using a ProteinChip Serum Frac-
tionation kit (Ciphergen Biosystems, Freemont, CA) 
on a Biomek 3000 Laboratory Automation Worksta-
tion (Beckman Coulter, Brea, CA). The fraction 1 
was obtained at pH 9, and the fraction 2 to 5 were 
obtained at pH 7, 5, 4, and 3, respectively. The 6th or 
final fraction (fraction 6) was obtained with buffer 
containing 33.3% isopropanol, 16.7% acetonitrile, 
and 0.1% trifluoroacetic acid. Next, with the excep-
tion of fraction 1, all the other fractions were 
allowed to bind to 2 types of ProteinChip, ie, cat-
ion-exchange chip (CM10) and reverse-phase chip 
(H50). Aliquots of 40 µL of the fractionated samples 
were diluted to 100 µL with the binding buffers for 
the respective chips and put into each well of the 
chips. After gentle agitation at room temperature 
for 1 hour, the chips were washed 3 times with the 
binding buffers for 5 minutes and rinsed twice with 
deionized water. Following this step, 1 µL of Energy 
Absorbing Matrix solution (Ciphergen Biosystems) 
was applied to each array spot twice and dried at 
room temperature.

The samples bound to the CM10 or H50 chip 
were analyzed by SELDI-TOF MS (PCS 4000 
system; Ciphergen Biosystems) under the following 
conditions: laser intensity, 170; detector sensitivity, 7; 
mass deflector, 500 Da; and ion focus mass, 5000 Da. 
External calibration was performed using All-In-
One peptide mass standard (Bio-Rad Laboratories, 
Hercules, CA). The acquired mass spectra data were 
analyzed using Ciphergen Express software (Version 
3.0.7, Bio-Rad Laboratories). Spectra were normal-
ized by total ion current to an external normalization 
coefficient of 1.0 within the range of molecular mass-
to-charge ratio (m/z) 3000 to 50000. Then, the spec-
tra were manually evaluated and invalid spectra were 
rejected. Peak intensities were compared between the 
samples from the progressors and those from the non-
progressors by Mann-Whitney U test, and the intensi-
ties were considered to be significantly different at 
P , 0.05.

In our analysis, coefficients of variation (CV) of 
peak intensities were less than 25% when the peaks 
were within the above described m/z range. This good 
reproducibility was achieved by careful optimization 
of washing conditions and meticulous parameter set-
tings for peak detection.

Identification of candidate proteins  
by LC-MALDI-TOF MS analysis
Identification of the candidate proteins for biomark-
ers was carried out using plasma samples obtained 
from the progressors and nonprogressors. For this, 
plasma samples were treated with MARS Spin Car-
tridges and then fractionated with a ProteinChip 
Serum Fractionation kit, as described in the previous 
section. The fractions were then subjected to HPLC 
using an Agilent 1200 HPLC system with a HiQ sil 
C18 reverse-phase column (0.2 mm i.d. × 100 mm; 
KYA Technologies, Tokyo, Japan). The mobile 
phases consisted of 0.1% trifluoroacetic acid (TFA) 
in 2% acetonitrile (solvent A) and 0.1% TFA in 98% 
acetonitrile (solvent B). After loading of the sample, 
the mobile phase was held at 90% solvent A and 10% 
solvent B for 40 minutes. Linear gradient elution was 
performed by increasing the mobile phase composi-
tion from 10% to 60% solvent B over 55 minutes at 
a flow rate of 2 µL/minute. The eluted solution was 
mixed with 0.1% TFA (7  µL/minute) and fraction-
ated on a 384 Prespotted AnchorChip (PAC) MALDI 
target plate (Bruker Daltonics, Bremen, Germany) 
at 20-second intervals. These PAC plates were then 
analyzed by MALDI-TOF MS using an Ultraflex II 
MALDI-TOF/TOF mass spectrometer (Bruker Dal-
tonics) to find fractions containing the candidate 
proteins.

Identification of the candidate proteins from the 
spotted proteins on PAC plates was performed by 
MS/MS analysis using the Ultraflex II system follow-
ing proteolytic digestion on the MALDI target plate. 
That is, 2 µL of 20 ng/µL trypsin solution (sequencing 
grade; Promega, Madison, WI) containing 100 mM 
ammonium bicarbonate was added to each well of the 
PAC plate, which was incubated in a moist chamber at 
37 °C for 1 hour. The reaction mixture was then moved 
onto an AnchorChip MALDI target plate (Bruker 
Daltonics) and dried under an atmosphere of N2. The 
sample spot was washed twice with 3 µL of ethanol-
acetone-0.1% TFA (6:3:1) solution. Finally, the sam-
ples were analyzed on an Ultraflex II TOF/TOF mass 
spectrometer using α-cyano-4-hydroxycinnamic acid 
(CHCA) according to the manufacturer’s standard 
procedure for protein identification. The obtained MS/
MS spectra data were processed with FlexAnalysis 
software (Bruker Daltonics) and identified using the 
Mascot search engine (Matrix Science, Tokyo, Japan) 
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against the UniProt Knowledgebase (UniProtKB/
SwissProt; http://www.uniprot.org/) with variable 
modifications for tryptic peptides.

Confirmation of protein identification  
by immunoprecipitation
To confirm identification of potential biomarkers, the 
identified proteins in the samples were immunopre-
cipitated, and the peaks thought to represent these 
proteins were analyzed by SELDI-TOF MS. For this 
experiment, 2 antihuman transthyretin antibodies 
(C-20, #sc-8104 and N-19, #sc-8105) were purchased 
from Santa Cruz Biotechnology (Santa Cruz, CA), 
and antihuman apolipoprotein C-I (apoC-I) antibody 
(#31A-R1a) and antihuman apolipoprotein C-III 
(apoC-III) antibody (#600-101-114) were obtained 
from Academy Bio-medical Co. (Houston, TX) and 
Rockland Immunochemicals, Inc. (Gilbertsville, PA), 
respectively.

For immunoprecipitation, aliquots of 20  µL of 
plasma samples, which had been treated with a 
MARS column and ProteinChip Serum Fractionation 
kit, were diluted with an equal amount of immuno-
precipitation buffer (50 mM Tris-HCl, 300 mM NaCl, 
0.2% n-octyl glucopyranoside, pH 7.5). A 1.2-µL ali-
quot of antibody solution (200  µg/mL) was added, 
and the mixture was agitated at 4  °C for 2  hours. 
Subsequently, 4.5 µL of Protein A/G PLUS agarose 
bead suspension (Santa Cruz Biotechnology) was 
added and the mixture was further agitated at 4  °C 
for 2  hours. After centrifugation, the residue was 
washed twice with the immunoprecipitation buffer, 
and the supernatant was obtained by centrifugation at 
6500 × g for 5 minutes at 4 °C. The supernatant was 
analyzed by SELDI-TOF MS.

Results
Profiling of plasma proteins  
and exploration of biomarker candidates
In this study, protein profiles were determined by 
SELDI-TOF MS analysis of 25 plasma samples from 
6 progressors, 33  samples from 10 nonprogressors, 
and 11  samples from healthy donors. The charac-
teristics of OA patients and details of the samples 
analyzed are shown in Table  2. For each of these 
samples, approximately 300 ion peaks were identified 
within the mass range of m/z 3000–50 000. The peak Ta
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patterns were highly similar among the samples for 
respective subjects, indicating good reproducibility 
of the analysis. This might be ascribed in part to the 
use of an automatic workstation in the analysis.

From the results of SELDI-TOF MS analysis, 
3 ion peaks were found to exhibit significantly dif-
ferent peak intensities between the samples from 
the progressors and those from the nonprogressors. 
These peaks were observed at m/z 5079 of fraction 2 
treated with CM10 (peak 1) (Fig. 2A), at m/z 6432 
of fraction 4 with H50 (peak 2) (Fig.  2B), and at 
m/z 9017 of fraction 6 with H50 (peak 3) (Fig. 2C). 
For peaks 1 and 2, the peak intensities were signifi-
cantly higher in the progressors compared with the 
nonprogressors (Fig. 3A and B), while the intensity 
of peak 3 was significantly lower in the progressors 
than the non-progressors (Fig.  3C). Among these 
3 peaks, peak 3  showed the most obvious differ-
ence between the progressors and nonprogressors 
(P = 0.002, Mann-Whitney U test).

Protein identification of biomarker 
candidates
To identify the proteins corresponding to the 3 peaks 
described above, 6 high-abundance proteins (albumin, 
IgG, antitrypsin, IgA, transferrin, and haptoglobin) 
were removed from the samples, followed by frac-
tionation according to isoelectric point prior to LC-
MALDI-TOF MS analysis. By these treatments, the 
ion peaks for the 3 potential biomarkers could be 
identified as isolated peaks on MS spectra. The pro-
teins represented by these peaks were then identified 
by MS/MS analysis. Identification was first con-
ducted using plasma samples that showed the highest 
peak intensities and then confirmed by analysis of 2 
other samples. The protein represented by peak 1 was 
identified as transthyretin, and those for peaks 2 and 
3 were identified as apoC-I and apoC-III, respectively 
(Table 2). For peaks 2 and 3, the molecular weights 
of apoC-I (6631 Da) and apoC-III (8765 Da without 
glycosylation) calculated from amino acid sequences 
were very close to the observed m/z values for the 
respective peaks. However, for peak 1, the m/z value 
(m/z 5079) differed substantially from the calculated 
molecular weight of transthyretin (13762 Da). Thus, 
peak 1 was considered not to represent the entire 
transthyretin molecule, but a truncated form of the 
protein.
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Figure 2. Results of SELDI-TOF MS analysis. Representative results of plasma samples from healthy donors (Control), nonprogressors, and progressors 
are shown for each of fraction 2 (Fr. 2) with CM10 (A), fraction 4 (Fr. 4) with H50 (B), and fraction 6 (Fr. 6) with H50 (C). Arrows indicate the peaks with 
significantly different intensities between progressors and nonprogressors, which were designated as peak 1 (A), 2 (B), and 3 (C), respectively. The m/z 
values for these peaks are shown.
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Figure 3. Distribution of ion peak intensities. Intensities of peak 1 (A), 2 (B), and 3 (C) of the samples obtained from healthy donors (control, n = 11), 
nonprogressors (n = 33), and progressors (n = 25) are shown. Bars indicate means. P values were determined by Mann-Whitney U test.

Table 3. Results of protein identification.

m/z Protein name Accession no.* Mascot score Identified peptide
Peak 1 5079 Transthyretin P02766 118

62
K.ALGISPFHEHAEVVFTANDSGPR 
R.RYTIAALLSPYSYSTTAVVTNPKE

Peak 2 6432 Apolipoprotein C-I P02654 42 K.MREWFSETFQK
Peak 3 9017 Apolipoprotein C-III P02656 48 K.DALSSVQESQVAQQAR

Note: *UniProt Knowledgebase (UniProtKB/SwissProt; http://www.uniprot.org/uniprot/).
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Confirmation of protein identification  
by immunoprecipitation
Next, identification of the proteins was validated by 
immunoprecipitation. In this experiment, a protein was 
considered to be correctly identified if the intensity of 
the peak was significantly reduced by depletion of that 
protein within the sample by immunoprecipitation. 
For peak 1, immunoprecipitation was performed 
using 2 types of antitransthyretin antibody specific for 
N- and C-terminal regions of the protein, respectively 
(Fig. 4A). Peak 1 was almost completely abolished 
by treatment of the sample with the antibody for the 
C-terminal region of transthyretin, while the intensity 
changed little following treatment with control IgG or 
the other antibody specific for the N-terminal region 
(Fig. 4B–E). From this result, peak 1 was considered 
to represent a C-terminal fragment(s) of transthyretin 
in plasma samples.

This experiment was repeated for peaks 2 and 3 
using antibodies for apoC-I and apoC-III, respectively. 
As anticipated, these peaks were almost completely 
abolished by depletion of the respective proteins by 
immunoprecipitation, which confirmed the correct 
identification of these proteins (Fig. 5).

Discussion
Despite many previous studies, biomarkers that 
can reliably predict progression of OA have not yet 

been discovered. This is partly because it is not easy 
to obtain blood or urine samples from OA patients 
who are definitely undergoing disease progression. 
In previous studies, progression of the disease was 
most often determined by the changes in radiographs 
between the beginning and the end of the study 
period.19–25 Blood or urine samples were obtained 
only once at the beginning of most of those studies. 
In such studies, it could not be guaranteed that the 
progressors were indeed undergoing disease pro-
gression at the time of sample acquisition—in such 
subjects, progression may have occurred after the 
samples had been obtained. To overcome this prob-
lem, we followed knee OA patients for 2 years, and 
obtained radiographs and plasma samples repeatedly 
during this period. This strategy allowed us to recog-
nize samples that had been obtained during disease 
progression. This solid method of sample collection 
was one of the advantages of the present study.

Another advantage of this study was the use of 
state-of-art technologies for proteomic analysis. To 
find prognostic markers in plasma, we performed 
SELDI-TOF MS analysis. Compared with other pro-
teomic procedures, this method has several unique 
advantages, such as ease of determination of protein 
profiles and high-throughput capacity.26 On the other 
hand, SELDI-TOF MS analysis has certain limitations 
in reproducibility and quantitativeness of the data. 

MASHRLLLLC LAGLVFVSEA 

PLMVKVLDAV RGSPAINVAV HVFRKAADDT

WEPFASGKTS ESGELHGLTT EEEFVEGIYK

VEIDTKSYWK ALGISPFHEH AEVVFTANDS

GPRRYTIAAL LSPYSYSTTA VVTNPKE

GPTGTGESKC1

31

61

91

121

A
m/z 5079B

C

D

E

Figure 4. (A) Amino acid sequence of human transthyretin (P02766, UniProtKB/SwissProt). Amino acids contained in the fragment detected by SELDI-
TOF MS as peak 1 are shown in bold (101A-147E), and sequences of the peptides used to raise antibodies against the N-terminal and C-terminal regions 
of transthyretin are shown by broken (29C-80T) and solid lines (90K-140A), respectively. The predicted signal peptide is shown in a box. (B–E) SELDI-
TOF MS spectra containing peak 1 (at m/z 5079) of untreated sample (B) or samples immunoprecipitated with control IgG (C), an antibody against the 
N-terminal region of transthyretin (D), or another antibody against the C-terminal region of the protein (E).
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To minimize these problems, we first meticulously 
set the parameters and optimized the experimen-
tal conditions very carefully in all steps of the  
analysis.

Difficulty in protein identification is another limi-
tation with this technology. In the present study, we 
took several measures to overcome this problem. 
Plasma samples were treated by MARS columns to 
remove more than 90% of 6 high-abundance pro-
teins (albumin, IgG, antitrypsin, IgA, transferrin, and 
haptoglobin) from plasma samples. This treatment 
is known to be particularly effective in the identifi-
cation of small amounts of proteins within plasma 
samples.27 Following column treatment, samples 
were fractionated according to their isoelectric points 
before identification. Finally, MS/MS analysis was 
performed in combination with LC-MALDI-TOF 
MS. These strategies allowed successful identifica-
tion of proteins in this study.

Taking advantage of the high-throughput capacity 
of SELDI-TOF MS analysis, we analyzed as many 
as 69 plasma samples, in each of which we identi-
fied about 300 ion peaks. Among them, 3 ion peaks 
were found to have significantly different inten-
sities between the samples from the progressors 
and those from the nonprogressors. In subsequent 
analyses, these peaks were shown to correspond to 
2 proteins and 1 peptide. Among them, apoC-I was 
found to have higher peak intensity in samples from 
the progressors compared with the nonprogressors, 
while apoC-III showed higher peak intensities in the 

samples from the nonprogressors compared with the 
progressors. To our knowledge, there have been no 
previous studies suggesting the involvement of these 
apolipoproteins in the pathology of OA. ApoC-I 
and C-III are proteins related to lipid metabolism. 
A recent study suggested that altered lipid metabolism 
may be involved in the development of knee OA.28 
Disturbance of lipid metabolism has been observed in 
osteoarthritic chondrocytes.29 Therefore, it is possible 
that the changes in apolipoprotein concentrations in 
plasma are associated with the progression of knee 
OA. Further studies are required to clarify how these 
proteins are related to the loss of cartilage matrix 
within joints affected by OA.

In the present study, we also found that transthy-
retin was significantly associated with the progres-
sion of OA. Transthyretin is present in plasma as a 
tetramer of identical subunits and acts as a carrier 
protein for retinol and thyroid hormones. Previously, 
several investigators reported that transthyretin may 
be a possible biomarker for rheumatoid arthritis 
(RA).30,31 In these studies, the plasma level of tran-
sthyretin was reduced by treatment with anti-TNF-α 
antibody, suggesting that the level of transthyre-
tin in plasma may be correlated with the severity 
of inflammation in RA patients. In contrast, in the 
present study, the level of transthyretin was reduced 
in OA patients while the disease was in an active 
phase. This may reflect the differences in pathology 
between RA and OA. However, caution should be 
exercised in interpreting these results, because the 
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Figure 5. Changes in peak 2 (A–C) and peak 3 (D and E) by depletion of the identified proteins by immunoprecipitation. SELDI-TOF MS spectra of 
untreated samples (A and D) and samples immunoprecipitated with control IgG (B and E) are shown together with those of the samples immunoprecipi-
tated with anti-apoC-I (C) or anti-apoC-III antibody (F).
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change in concentration was observed with the entire 
transthyretin for RA patients, while for OA patients, 
the change was detected with an N-terminal trun-
cated form of the protein.

Interestingly, truncated forms of transthyretin 
have been found to be associated with several other 
pathologies, such as senile systemic amyloidosis and 
ovarian cancer.32,33 The truncation site identified in 
the present study differed from those reported previ-
ously and may be unique to OA. Although specula-
tive, the transthyretin fragment identified here may be 
generated by an endogenous protease(s) within OA 
joints. The activity of such enzyme(s) may be ele-
vated in OA knees during disease progression, which 
could also promote the cleavage of transthyretin at 
the identified site. Again, it should be noted that it is 
SELDI-TOF MS that makes it possible to discover 
such fragments as possible biomarkers because such 
truncated peptides are unlikely to be detected by con-
ventional methods of analysis, such as enzyme-linked 
immunosorbent assay.

For these proteins, comparison with the control 
plasma samples revealed an interesting trend: for 
all 3 identified factors, peak intensities of the con-
trol plasma samples were closer to those of the pro-
gressors than the nonprogressors. The mechanisms 
for these seemingly paradoxical changes are cur-
rently unknown. We assume that such changes might 
reflect the shift in the balance between expression 
levels and degradation rates of the candidate proteins 
because both of these can change with the activity of 
the disease. Hopefully, subsequent studies will clarify 
the mechanisms underlying the change of the identi-
fied proteins.

In the present study, we performed a series of pro-
teomic analyses and identified 3 potential biomark-
ers whose serum levels differed significantly between 
progressors and nonprogressors. None of them have 
been reported previously, and these represent novel 
potential prognostic markers for knee OA. Although 
the prognostic values of these factors should be vali-
dated in future studies, our strategy to identify pro-
gressors among knee OA patients and the methods 
used to identify biomarker proteins are worth con-
sidering in future studies to explore biomarkers for 
OA. We hope that our methods and results will be of 
help in future attempts to establish reliable prognostic 
markers for knee OA.
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