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[Purpose] To investigate the correlation between the effect treadmill exercise and change in serum

proteins in rats with osteoarthritis, a study of proteins was carried out using a mass spectrometer. [Subjects and
Methods] Rats were randomly divided into five groups. After 4 weeks of treadmill training, serum from each rat
was analyzed by Liquid chromatography-electrospray ionization tandem mass spectrometry. Complementary com-
ponent 9 (C9) was discovered to be downregulated in the serum of the exercise groups, and this was validated by
Western blot. [Results] Seventeen proteins were discovered to be elevated in the monosodium iodoacetate injection
osteoarthritis group samples by more than 1.5 fold compared with the control group. One of the proteins upregulat-
ed, C9 protein, was validated, and it was found to decrease in the middle-intensity exercise group. [Conclusion] We
showed that the serum level of C9, an inflammatory-related protein, decreased after treadmill exercise. Therefore,

treadmill exercise with an appropriate intensity might be recommended for OA patients.
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INTRODUCTION

As the longevity of humans increases, osteoarthritis
(OA) has become a frequent disorder among older adults.
OA is a disorder with a multifactorial origin that involves
the articular cartilage, synovium, subchondral bone, liga-
ments, and/or the neuromuscular apparatus. OA causes
pain, disability, and reduced quality of life. There are many
risk factors for the progression of knee OA, which include
age, previous injury, increased body mass index (BMI), ge-
netic factors, and high workloadV.

Several studies have suggested that exercises such as
joint-specific strength and general aerobic conditioning are
generally recommended for OA treatment?. Also, several
studies have shown that increased muscle strength provides
joint stability and reduces pain and disability> 4. Physical
therapy programs are often prescribed to patients with knee
OA. The expected benefits of these programs include reduc-
tion in pain, improved function, and altered joint load> ©.

Fragments of structural proteins can be detected in se-
rum as the reflection of cartilage degeneration. Numerous
studies have reported the discovery of putative biomarkers
in blood using a mass spectrometer’®. There are three com-
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monly used serum biomarkers associated and/or correlated
with OA and joint progression: antigenic keratin sulfate
(AgKS)”, hyaluronan (HA)'% 'V, and cartilage oligomeric
matrix protein (COMP)'?.

In this study, the serum levels of proteins in rats with OA
were considered to reflect the level of systemic inflamma-
tion. Therefore, we investigated the changes in serum pro-
tein levels by proteomic analysis and confirmed one of the
inflammatory proteins, C9. In addition, we further investi-
gated the correlation between specific inflammatory protein
levels and treadmill exercise.

SUBJECTS AND METHODS

Adult male Sprague-Dawley rats (8—10 weeks of age,
weighing 250-300 g, n = 30) were housed at 22 °C under a
12:12-h light—dark cycle and had access to food and water
ad libitum.

MIA (monosodium iodoacetate, Sigma, St. Louis, MO,
USA cat #I2512) was used to induce arthritis as previously
reported'> 19,

Rats were randomly divided into five groups: (1) no MIA
injection or exercise group (control group, n = 10), (2) MIA
injection without treadmill running exercise group (MIA
injection group, n = 10), (3) MIA injection with low-intensi-
ty exercise group (LE, n = 10), (4) MIA injection with mid-
dle-intensity exercise group (ME, n = 10), and (5) MIA in-
jection and with high-intensity exercise group (HE, n = 10).
The running protocol was performed according to a modi-
fied version of Ueda’s method'>: 19, All procedures followed
Daegu University’s guidelines and were approved by the
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Table 1. Proteins identified by LC-MS/MS analysis that increased in the MIA injection group by over 1.5-fold

. . Accession  Molecular Fold
Identified Proteins (17) Number Weight NA MIA L M H Change
Gene_Symbol=C9 C9 protein 1P100231423 64 kDa 0 3 0 0 0
Gene_Symbol=Apoa4 Apolipoprotein A-IV 1P100324272 44 kDa 0 12 7 0 7
Szgz}?i/nn:;)é:f;rpmﬁ Serine (or cysteine) peptidase inhibitor, IPI00199695 55 kDa 0 1 6 9 0
Gene_Symbol=Serpina4 Kallistatin IP100205568 48 kDa 0 10 0 0 3 .
Gene Symbol=Serpina3k Serine protease inhibitor A3 K 1P100200593 47 kDa 18 64 33 34 39 3.557
Gene Symbol=Ttr Transthyretin 1P100324380 16 kDa 6 19 15 15 28 3.255
Gene Symbol=L0OC299282 Liver regeneration protein Irryan 1P100392216 68 kDa 21 65 33 34 33 3.014
Gene_Symbol=C4b Complement C4 IP1I00213036 192kDa 10 24 27 21 22 2487
Gene Symbol=Igh-6 Igh-6 protein IP1I00368888 68 kDa 8 21 21 21 24 2453
Gene_Symbol=Hp Isoform 2 of Haptoglobin 1P100382202 42 kDa 8 21 19 23 27 2453
Gene Symbol=IgG-2a LOC367586 protein IPI00361346 51kDa 29 66 71 58 71 2.299
Gene Symbol=Afm Afamin IP100207668 69 kDa 7 13 5 25 4 1810
Gene Symbol=LOC678701 39 kDa protein IPI00557598 39 kDa 6 11 14 9 13 1.809
Gene_Symbol=Plg Plasminogen 1P100206780 91 kDa 11 18 15 26 9 1709
Gene_Symbol=Itih3 Inter-alpha-trypsin inhibitor heavy chain H3 1P100326984 99kDa 13 22 4 11 18 1.644
Gene Symbol=F2 Prothrombin (fragment) IPI00189981 70 kDa 5 8 0 5 0 1.582
Gene_Symbol=Hpx Hemopexin IPI00195516  51kDa 25 38 27 55 20 1.507

Fold-change=quantitative peptide hits of the MIA group/quantitative peptide hits of the control group

Institutional Animal Care and Use Committee (IACUC).

Liquid chromatography-tandem mass spectrometry (LC-
MS/MS) analysis was carried out using an LTQ mass spec-
trometer (Thermo Electron, San Jose, CA, USA) equipped
with NSI sources (Thermo Electron, San Jose, CA), as pre-
viously reported'”. Briefly, 12 ul of peptide sample from
in-gel digestion was injected and loaded onto a peptide trap
cartridge (Agilent, Palo Alto, CA, USA). Trapped peptides
were eluted onto a 10-cm RP PicoFrit column packed in-
house (5 mm, 300A° pore size, C18) and then separated by
gradient elution. The mobile phases consisted of H,O (A)
and ACN (B), and both contained 0.1% v/v formic acid. The
flow rate was maintained at 200 nL/min. The spray volt-
age was 1.9 kV, and the temperature of the ion transfer tube
was set at 195°C. The gradient started at 2% B and reached
60% B in 50 min, 80% B in the next 5 min, and 100% A in
the final 15 min. Full MS spectra (MS survey scan) were
recorded in the ion trap cell, and data-dependent MS/MS
spectra for the five most intense ions were subsequently ac-
quired by the LTQ under the 35 eV of collision energy and
an isolation with of 2 Da.

To validate C9 protein, we used Western blot analysis,
which was performed as previously reported!”). A Western
blot analysis system (Amersham Biosciences, Little Chal-
font, Buckinghamshire, UK) was used to detect immunore-
active proteins. The thickness of the bands was photograph-
ically measured using Scion Image (Scion, Frederick, MD,
USA). An image of a calibration grid slide was measured
using Scion Image, and the distance of 250 mm was calcu-
lated to be equivalent to 733 pixels. One-way ANOVA was
used to evaluate the statistical significance of differences
among three or more groups. All analyses were done with
Origin 8.0, and p-values<0.05 were considered statistically

significant.
RESULTS

Blood samples were obtained from individuals with or
without exercise followed by the serum collection protocol.
Using 1-D SDS-PAGE, 40 ug proteins of pooled serum from
each of the five groups were separated, and the gels were
stained with Coomassie brilliant blue staining solution. To
identify the proteins, gels were excised into five bands and
subjected to in-gel digestion, and then tryptic peptides were
analyzed by LC-ESI-MS/MS analysis.

The digested protein samples were run on an LC-ESI-
MS/MS. Table 1 shows the upregulated proteins identified
by the LC-MS/MS analysis. Seventeen proteins showed
significant elevation in the samples from the MIA injection
group, with the levels being 1.5-fold higher than those of the
control group (Table 1).

Among the 17 upregulated proteins, 9 proteins increased
in the MIA injection group compared with both the control
group and exercise applied groups: Complement component
9, Apolipoprotein A-IV, Serine peptidase inhibitor, Kal-
listatin, Serine protease inhibitor A3 K, Liver regeneration
protein Irryan, Complement C4, Interalpha-trypsin inhibi-
tor heavy chain H3, and Prothrombin (Table 1).

Among the list of proteins upregulated in the MIA injec-
tion group, C9 was first selected for validation because it
was at the top of the list (Table 1). To validate the serum
levels of C9, the protein levels were analyzed by Western
blot analysis in a total 50 serum samples, which comprised
samples from the control (n=10), MIA injection (n=10), LE
(n=10), ME (n=10) and HE groups (n=10). Figure 1A shows
some representative Western blot results.



In the results, C9 significantly decreased in the ME
group compared with the MIA injection group; however,
the C9 level in the LE/HE groups did not show significant
changes (Fig. 1B).

DISCUSSION

OA is a common chronic degenerative disease charac-
terized by the loss of articular cartilage components due to
many reasons. According to studies of OA biology, serum
proteins could be evidence of OA state and useful for diag-
nosis.

The objective of this study was to determine the change
in serum protein levels in a rat osteoarthritis model with or
without exercise. Therefore, we investigated the proteome
profiles in serum samples using LC-MS/MS. The proteome
profile results showed that many serum protein levels were
changed; some proteins were increased and others were de-
creased.

Among the upregulated proteins, 9 proteins showed in-
creases compared with the control group and decreases in
the exercise intervention group (Table 1). Among these 9
proteins, C9 is well known to be a terminal member in cell
killing through the action of the membrane attack complex,
which consists of C5b, C6, C7, C8, and C9'8). We focused on
the change in C9 expression in the inflammation environ-
ment caused by MIA injection.

C9 validation was carried out by Western blot analysis.
In the validation process, an individual sample was loaded,
and detection was performed (Fig. 1A). The results showed
that C9 expression in the MIA injection and 3 exercise
groups changed significantly compare with the control
group. Only the ME group showed a significantly reduced
increase in C9 expression after MIA injection. Also, the C9
level of the ME group was significantly lower than those of
the LE/HE groups. However, the LE and HE groups did not
show significant decreases in the C9 level due to induction
by MIA (Fig. 1B).

C9 is one of the proteins in the complement system,
which is a well-known inflammatory-related pathway. Dur-
ing late complement pathway processes, which involve C5-
C9, the inflammation sites recruit C5a by chemotaxis, and
this leads to the formation of terminal complement complex
(TCO)™. OA is a systemic inflammatory disease; therefore,
the complement system may be an important effector sys-
tem in various arthritides. Based on our results, it is pos-
sible that the C9 protein level was increased by the systemic
response to the induced OA. Further, the increased level of
C9 decreased due to exercise, which indicates improvement
of the OA condition.

In several previous studies, OA cartilage degeneration
was examined based on certain protein levels in the serum.
In a previous study, the change in COMP concentration
was measured, and significant change was reported??. Still,
more molecular biomarkers need to be investigated and
studied. Therefore, investigation of whole serum proteins
in rats with OA would provide supportive information for
such biomarkers.

In this study, we analyzed whole serum proteins. How-
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Fig. 1. Validation of C9 by Western blot and densitometry analy-
sis. (A) Representative Western blot of crude sera from
each group. (B) The Western blot data of the crude sera
of 10 individuals from each group were subjected to den-
sitometry analysis. The density and area of the bands of
the Western blot were measured by using Scion Image, as
described in the Materials and methods.

ever, whole serum protein analysis has limitations. Serum
proteins exist in high dynamic ranges. Therefore, due to
the masking effects of several highly abundant proteins,
such as albumin and IgGs, proteins present at low levels
that might be potential novel biomarker candidates, could
not be detected. It appears to be necessary to discover more
proteins with different serum preparation methods and to
confirm them in human patients with OA.

It is not clear whether exercise is beneficial for OA im-
provement. Deeper investigation of the correlation between
OA and exercise is needed. Also, many other different ex-
perimental methods could be used in the study of correla-
tion between exercise and OA. One recent study suggested
that the glycosamionoglycan content in cartilage increases
after exercise?!, and another showed that increased muscle
strength provides joint stability and reduces pain and dis-
ability®.

Here, we showed that treadmill exercise could decrease
the inflammatory response protein C9 in serum of an OA
rat model, which demonstrates that appropriate intensity
exercise might be beneficial for patients with OA.
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