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Abstract: Osteoarthritis (OA) is characterized by the degeneration of affected joints leading to pain and reduced mobility.
Periostin appears as a potential candidate in transducing mechanical signals to stimulate chondrocyte proliferation. 15 rats
(E-group) underwent both medial meniscectomy and medial collateral ligament (MCL) transaction, while the other 15 rats
(S-group) underwent sham surgery. Animals were killed at 1, 2, and 4 weeks postsurgery, and 5 animals were put into use
per-time point in each treatment group. Cartilage was harvested from tibial plateau and femoral condyle. We examined the level
of Postn expression in cartilage of the experimental OA, using real-time PCR and immunohistochemistry analysis. The
expression of Postn was about 2-fold higher at 1 week (P=0.08<0.05), 4-fold higher at 2 weeks (P=0.003<0.05) and 4-fold higher
at 4 weeks (P=0.034<0.05) post-surgery in E-group compared to S-group. Postn protein expression levels were markedly
increased in the E-Group compared with the S-Group at 1, 2 and 4 weeks post-surgery. This study will be of benefit to those
subsequent studies using the OA model to evaluate the outcomes of Postn epxpression in mechanism of OA. Postn may play
prominent roles in pathogenic mechanisms of OA.
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1. Introduction
Osteoarthritis (OA) is a common complex disease of high
public health burden, characterized by the degeneration of
affected joints leading to pain and reduced mobility. However,
the molecular pathophysiological OA are complex and poorly
understood [1].
Both normal physiologic and pathologic overload forces
are known to regulate cellular responses in essentially all
musculoskeletal connective tissues [2]. Many previous
studies revealed that alter joint loading patterns could lead
to OA progression [3, 4]. Molecular changes in response to
mechanical stimuli are likely etiologic for OA at early
stages. Periostin (POSTN) is a vitamin K-dependent

glutamate-containing matri-cellular protein, belonging to
the fasciclin family. It was originally identified in mouse
osteoblasts and promotes cell adhesion and migration [5]. It
appears as a potential candidate in transducing mechanical
signals to stimulate chondrocyte proliferation [6]. Indeed,
our previous study in experimental rat OA model found that
the POSTN gene is signiﬁcantly upregulated in the
subchondral bone at 1 week post-surgery. And we have
speculated that Postn expression is stimulated by the
abnormal mechanical force of the surgery in the
subchondral
bone,
causing
angiogenesis
and
metalloproteinase-induced cellular matrix degeneration,
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thus initiating cartilage loss [7]. We hypothesis that Postn
expression is also upregulated in joint cartilage under
pathologic overload forces. To test the hypothesis, the
experimental rat OA model was used in this study, which
knee joint surgical instability induced pathologic overload
forces on cartilage [7]. The level of Postn expression was
studied in cartilage of the experimental OA by real-time
PCR and immunohistochemistry analysis.
In the current study, rat model of OA cartilage expressed
high levels of Postn in a time-dependent manner with disease
progression, suggesting a previously unrecognized role of
Postn in the pathogenesis of very early stages of OA. Postn
may be a potential therapeutic target for blocking the
progress.
As we know, this work is the first study to analysis the time
course of the expression changes of Postn in cartilage in the
very early stages of rat experimental OA.

115

SYBR-Green real-time PCR was used for five independent
RNA samples from each treatment group for each time point.
Each reaction was repeated three times. The reaction was
subjected to a 45-cycle amplification at 95°C for 15 seconds,
at 95°C for 5 seconds, and at 60°C for 30 seconds. Relative
gene expression levels were calculated using the 22DDCt
method. Target mRNA levels were normalized to
glyceraldehyde-phosphate dehydrogenase (GAPDH) mRNA.
Differences between E-group and S-group were analyzed
using analysis of Student’s unpaired t-tests. P<0.05 was
considered statistically significant. Statistical analyses were
performed using SPSS version 19.0 (SPSS Inc.).
2.3. Immunohistochemistry

OA was surgically induced as described previously [7], 15
rats (experimental group, E-group) underwent open surgery,
involved in both medial meniscectomy and medial collateral
ligament (MCL) transaction, while the other 15 rats
(sham-operated group, S-group) underwent sham surgery.
Animals were killed at 1, 2, and 4 weeks postsurgery, and 5
animals were put into use per-time point in each treatment
group. Cartilage was harvested from tibial plateau and femoral
condyle in liquid nitrogen as described previously [7], and
immersed immediately in Trizol reagent (Life Technologies)
at -4°C, then stored at -80°C until RNA extraction.
Every procedure was reviewed and approved by the
Institutional Animal Care and Use Committee of the Fifth
Affiliated Hospital of Sun Yat-sen University (Approval ID:
20151281).

5-µm sections from the medial femoral condyle of each
joint were following the procedure. After deparaffinization
and hydration, antigen retrieval using 0.01M citrate butter
and microwaving for 20 minutes. Then slides were cooled in
room temperature. Washing of sections in phosphate
buffered saline (PBS) solution. Quenching of endogenous
peroxidase activity with 3% H2O2 in methanol for
15-20minutes. Washed slides with PBS for 3 times. Blocked
with 5% goat serum for 1 hour, and the incubated with antiperiostin polyclonal antibody (Abcam, Cambridge, MA) at a
dilution of 1:50 and a negative control with PBS at 4°C
overnight. Next day, after washed in PBS for 3 times,
incubated with peroxidase–conjugated secondary antibodies
of dilution 1:200 at 37°C for 1 hour, then washed in PBS for
3 times. Diaminobenzidine substrate (DAKO, USA)
colorimetric detection was carried out for equal time periods
for each section followed by Mayer’s hematoxylin (Sigma
Corp., St. Louis, MO) counterstaining. Sections used for
experiments for each protein were obtained from 5 different
animals, with reproducible results. Images were captured by
Leica DMI 3000 B microscope (Germany) and software
(Leica Application Suite V3).

2.2. Real-Time Polymerase Chain Reaction (PCR) Analysis

3. Result

According to the manufacturer's instructions, total
Ribonucleic acid (RNA) of the cartilage was extracted with
the E. Z. N. A Total RNA KitⅡ (Omega Bio-Tek, Inc., USA)
and further puriﬁed with the RNeasy MinElute Cleanup Kit
(Qiagen). RNA purity was determined using the 260/280 nm
absorbance ratio (NanoDrop ND-1000). Polymerase chain
reaction (PCR) primers were designed based on
complementary deoxyribonucleic acid (cDNA) sequences
from the NCBI Sequence database. The PCR primers used in
this study were shown as following: Postn, Forward 5'CAACGCAGCGCTATTCTGAC-3'
and
Reverse
5'-CCAAGTTGTCCCAAGCCTCA-3'; GAPDH, Forward
5'-CAGCCGCATCTTCTTGTGC-3'
and
Reverse
5'-GGTAACCAGGCGTCCGATA-3'.
Quantitative

3.1. Real-Time PCR

2. Materials and Methods
2.1. Rat Model of Osteoarthritis Cartilage Procurement

Total RNA was extracted from the cartilage and assayed by
real-time RT-PCR. We found that the mRNA levels of Postn
of chondrocytes in E-group were significantly higher than that
in S-group at 1, 2 and 4 weeks post-surgery. Interestingly,
up-regulation of Postn expression of the cartilage appeared to
increase sequentially and in a time-dependent manner with
disease progression (Figure 1). As showed in the Table 1, the
expression of Postn was about 2-fold higher at 1 week
(P=0.08<0.05), 4-fold higher at 2 weeks (P=0.003<0.05) and
4-fold higher at 4 weeks (P=0.034<0.05) post-surgery in
E-group compared to S-group.
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Figure 1. mRNA levels of Postn of chondrocytes in E-group were significantly higher than that in S-group at 1, 2 and 4 weeks post-surgery. The values are the
mean and SEM of the gene expression levels in 5 animals, as determined by ∆Ct analysis, normalized to GAPDH expression, and relative to the expression levels
of S-group.*p<0.05 ( E-group versus S-group).

3.2. Validation of Postn Expression at the Protein Level
Immunohistochemistry staining was performed to examine
the protein levels of Postn in tissue sections from the E-Group
and the S-Group. As showed in the Figure 2, the cartilage cells
mainly expressed Postn in their cytoplasm, and stronger
positive signals in cartilage cells indicates Postn protein
expression levels were markedly increased in the E-Group
compared with the S-Group at 1, 2 and 4 weeks post-surgery.
However, cartilage cells of the S-Group appeared negative at

all three time points post-surgery. Interestingly, positive
signal for Postn of the E-Group increase in a time-dependent
manner with disease progression, which was in complete
agreement with the expression levels of this gene determined
by real-time PCR. Specially, intensive positive cartilage cells
mainly located in the superficial zone of articular cartilage,
however, in the deeper zone of cartilage, the positive staining
was rarely detected, supporting our hypothesis that Postn
expression induced by pathologic overload forces on cartilage.

Figure 2. Evaluation of the expression levels of Postn in the cartilage of the E-group and the S-group using immunohistochemistry staining. The antibody against
Postn was used to assess the spatial and temporal expression of the protein by colorimetric detection (brown precipitate). As showed in the Figure, the cartilage
cells mainly expressed Postn in their cytoplasm, and stronger positive signals in cartilage cells indicates Postn protein expression levels were markedly
increased in the E-Group compared with the S-Group at 1, 2 and 4 weeks post-surgery. Cartilage cells of the S-Group appeared negative at all three time points
post-surgery. Intensive positive cartilage cells mainly located in the superficial zone of articular cartilage. Positive staining was rarely detected in the deeper
zone of cartilage. All sections were counterstained with hematoxylin (blue stain). The scale bars for 20X and 40X are 100 µm and 50 µm respectively.
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4. Discussion
Since it is currently impossible to obtain adequate samples
from humans to study the initiation and early stages of OA,
using animal models is a necessary method to study the
pathogenic mechanisms of OA at very early stages in vivo.
Recent advances in animal OA model have allowed us to
quantify molecular changes of OA over time [8, 9]. Postn is a
vitamin K-dependent glutamate-containing matri-cellular
protein, originally isolated from a mouse osteoblast cell [5].
As an extra-cellular matrix (ECM) protein, Postn involved in
regulating intercellular adhesion via an interaction with other
ECM proteins [10]. More recently, several studies revealed
that Postn may be responsible for the pathogenesis of OA.
Ryota et al. reported that Postn was upregulated mainly in the
chondrocytes near the erosive area and less immunoreactivity
in deeper zones in human OA cartilage [11]. Mukundan Attur
et al. also reported that high Postn levels in human and rodent
OA cartilage, further study revealed that Postn signiﬁcantly
enhanced expression of MMP-13 and ADAMTS4 and
promoted cartilage degeneration through collagen and
proteoglycan degradation [12]. Analysis of osteoarthritic
plasma and synovial ﬂuid demonstrated that Postn levels was
signiﬁcantly higher and were positively correlated with the
radiographic severity of knee OA [13]. J. C. Rousseau et al.
also reported that serum Postn is associated with prevalence
and the risk of progression of knee OA in women [14]. Taken
together, the previous studies demonstrated that Postn may
play prominent roles in pathogenic mechanisms of OA.
It is believed that mechanical stress is the major etiology in
OA [15, 16]. Postn expression is maintained in certain adult
tissues including the periosteum and periodontal ligament.
Postn deletion results in impairment of the ability of the
periodontal ligament in response to mechanical stresses [6].
Our previous study in experimental rat OA model found that the
Postn gene is signiﬁcantly upregulated in the subchondral bone
at 1 week post-surgery, but was not differentially expressed at 2
and 4 weeks post-surgery [7]. However, in the current study,
Postn expression levels were markedly increased in the
cartilage at 1, 2 and 4 weeks post-surgery. Although the
mechanism that induced the difference of expression of Postn
between between subchondral bone and cartilage remained
unknown, different mechanical force on the two tissues may
involve in [16, 17]. Specially, up-regulated Postn cartilage cells
mainly located in the superficial zone of articular cartilage,
however, in the deeper zone of cartilage, the positive staining
was rarely detected, supporting our hypothesis that Postn
expression induced by pathologic forces on cartilage. In the OA
model used in this study, knee joint surgical instability induced
pathologic overload forces. As we known, the surface layer of
cartilage is exposed to higher pathologic pressure and shear
stress than deeper layer of cartilage and the subchrodral bone
[17, 18]. Additionally, Postn is a secreted protein synthesized
by osteoblasts and chondrocytes and it could participate to the
crosstalk between subchondral bone and cartilage and it may
involve different signaling pathways in different tissue [14].
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More research needs to focus on the mechanism by which Postn
in different tissue responds to mechanical forces, how it initiates
these reactions, and how it relates to OA.
The main objective of this study was to analysis the Postn
expression in cartilage in multi-stages of an experimental rat
OA model. In the present study, the time course of the
expression changes of Postn were revealed in cartilage in very
early stages of rat experimental OA using real-time PCR and
immunohistochemistry analysis. Consistent with pervious
results, this study will be of benefit to those subsequent studies
using the OA model to evaluate the outcomes of Postn
epxpression in mechanism of OA.

5. Conclusion
Postn may play prominent roles in pathogenic mechanisms
of OA and may be a perfect therapeutic target for blocking the
progress of osteoarthritis at a very early stage, when the
cartilage is still intact.
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