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Abstract. The purpose of this study was to determine the 
expression and impact of tissue inhibitor of metalloprotein-
ases-1 (TIMP-1) and B-cell lymphoma-2 (Bcl-2) in knee 
osteoarthritis (KOA). We collected synovial fluids from the 
knee joint of 70 KOA patients and 30 controls. The expres-
sion levels of TIMP-1 and Bcl-2 were significantly higher in 
KOA patients than those in the control group (P<0.01). We also 
found positive correlation between the severity of KOA and the 
expression level of TIMP-1 (r=0.8027, P<0.05) and and Bcl-2 
(r=0.5336, P<0.05). However, we found no correlation between 
the expression levels of TIMP-1 and Bcl-2 in the synovial 
membranes of KOA patients (P>0.05). Both TIMP-1 and Bcl-2 
are expressed at high levels in the synovial membrane with 
KOA, and are closely related to the occurrence and develop-
ment of KOA. Thus, detection of TIMP-1 and Bcl-2 in KOA 
patients can be helpful in diagnosing the state of KOA.

Introduction

Osteoarthritis is a degenerative disease affecting the joints 
caused by multiple factors. Osteoarthritis is mainly featured 
by progressive articular cartilage injury, subchondral bone 
sclerosis, and formation of osteophyte around the joints; 
arthralgia (pain in the joint) is the most typical clinical mani-
festation (1-3). In clinical practice, osteoarthritis is treated 
mainly by relieving the symptoms and improving joint func-
tion with the main objective of improving quality of life. In 
most cases, patients with end-stage knee osteoarthritis can 
only get effective treatment through joint replacement surgery, 
but the surgery has important risks, including large trauma, 
high costs and high failure rates. Therefore, it is crucial to find 
effective methods for early diagnosis of osteoarthritis that can 

prevent further degeneration that lead to surgery (4-6). Knee 
osteoarthritis (KOA) is a common form of osteoarthritis that 
is the most extensively studied at present. Much attention has 
been paid to the role of tissue inhibitor of metalloprotein-
ases (TIMP) in KOA in recent years. TIMP-1 is a new member 
of the TIMP family widely distributed that inhibits specific 
matrix metalloproteases (MMPs) wiht a crucial role in the 
occurrence and development of KOA (7). B-cell lymphoma/
leukemia-2 (Bcl-2) is an anti-apoptotic protein that promotes 
cell survival by inhibiting apoptosis. Studies report that the 
expression level of Bcl-2 may influence the occurrence and 
development of arthritis (8).

Here, we explored the relationship between the expression 
levels of TIMP-1 and Bcl-2 in synovial tissues and the clini-
copathologic characteristics of KOA, hoping to provide new 
insights for the early diagnosis of KOA.

Subjects and methods

Research subjects. We enrolled 70 patients who came for 
medical consultation, received treatment, and were diagnosed 
with KOA by experts in Renji Hospital from August, 2014 
to August, 2015. Patients were aged 45-87 years, including 
32 men and 30 women. Patients were not affected by other 
degenerative conditions. We completed clinical and patho-
logical data for all patients as well as treatment protocols. The 
control group consisted of 30 healthy people who received 
physical examination, in which arthritis and other degenera-
tive diseases were excluded. The diagnosis of KOA was done 
according to the KOA diagnostic criteria recommended by 
the American College of Rheumatology in 2000 (9). Severity 
classification of KOA was performed according to Lawrence 
radiographic grading criteria (10): mild (joint space ≥7 mm, 
with formation of osteophyte in the joint space), moderate 
(joint space at 4-7 mm, with obvious osteophyte formed), and 
severe (joint space disappeared, with massive osteophyte). All 
patients signed informed consent before enrolling in the study. 
The study was approved by the Ethics Committee of Ren Ji 
Hospital, School of Medicine, Shanghai Jiao Tong University.

Collection and preservation of synovial fluid. For collection 
of synovial fluid in knee joint, the patient was placed in the 
supine position with the knee extended. The puncture point 
was located at the junction of the lateral edge of the quadriceps 
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femoris muscle and the line joining the superior edge of the 
patella. Synovial fluid (0.5-2 ml) was withdrawn from the knee 
joint and collected in a tube with heparin. The synovial fluid 
was snap-frozen after it was centrifuged within 2 h and then it 
was placed at -80˚C for long-term storage.

Semi-quantitative reverse transcriptase PCR (RT-PCR). 
Total RNA in the synovial fluids was extracted according to 
the instructions of the TRIzol kit (Invitrogen, Carlsbad, CA, 
USA). Agarose gel electrophoresis was used to confirm RNA 
integrity. The 28S, 18S and 5S bands were clear and the 28S 
band was twice as bright as the 18S band, indicating that the 
RNA could be used in subsequent experiments. The RNA was 
reversely transcribed into cDNA with the reverse transcription 
kit (Invitrogen). The expression levels of TIMP-1 and Bcl-2 
mRNA were detected by semi-quantitative PCR (Thermo 
Fisher Scientific GmbH, Dreieich, Germany) from synovial 
fluids of KOA patients and controls, using glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) as internal control. 
Reaction conditions: 35 cycles of 30 sec at 95˚C, 25 sec at 
64˚C and 30 sec at 72˚C. Primers were synthesized by Tiangen 
Biotech (Beijing, China) (Table I). When the reaction was 
completed, they were observed under the ultraviolet imaging 
system (Biometra GmbH, Göttingen, Germany) after agarose 
gel electrophoresis, and the relative expression of TIMP-1 and 
Bcl-2 were presented normalized to GAPDH.

Enzyme-linked immunosorbent assay (ELISA). Hydrochloric 
acid (HCL) (0.1 mmol) was added to synovial fluids at 
1:5 (w:v). The synovial fluids were sonicated with ultrasonic 
waves and then centrifuged at 1,000 x g for 15 min at 4˚C 
(ABI, Carlsbad, CA, USA). The precipitate was discarded 
and the supernatant was collected. The pH of the fluid was 
adjusted to 7.0 using 1 mmol sodium hydroxide. The expres-
sion levels of TIMP-1 and Bcl-2 proteins were measured 
according to the instructions of ELISA kit (R&D Systems, 
Minneapolis, MN, USA), the absorbance of the samples was 
measured with a microplate reader (Thermo Fisher Scientific 
GmbH), and the contents of TIMP-1 and Bcl-2 in each group 
of samples were calculated.

Statistical analysis. Data were presented as mean ± standard 
deviation. SPSS 19.0 software was used for data processing 
and analysis (SPSS, Chicago, IL, USA). t-test was used for 
measurement data and χ2 test was used to analyze enumeration 
data groups. Homogeneity of variance test was performed; if 
there was homogeneity of variance, the Bonferroni method 
was used for pairwise comparison. If there was heterogeneity 
of variance, the Welch method was be used for analysis. 
Dunnett's T3 method was used for multiple comparisons 
and Pearson's correlation analysis was used for correlation 
analysis. P<0.05 suggested that the difference was statistically 
significant.

Results

Expression of TIMP-1 and Bcl-2 mRNA in synovial membranes 
in KOA. We used the synovial fluids from KOA patients and 
normal controls to analyze the expression level of TIMP-1 
and Bcl-2 mRNA via semi-quantitative RT-PCR. The relative 
expression of TIMP-1 and Bcl-2 were significantly increased 
in the synovial fluids of KOA patients compared with those in 
the control group (P<0.01) (Fig. 1).

Expression of TIMP-1 and Bcl-2 protein in synovial 
membranes in KOA. We next used the synovial fluids from 
KOA patients and normal controls to analyze the expression 
level of TIMP-1 and Bcl-2 proteins by ELISA. The relative 
expression of TIMP-1 and Bcl-2 were significantly increased 
in the synovial fluids of KOA patients compared with those in 
the control group (P<0.01) (Fig. 2).

Figure 1. Expression of tissue inhibitor of metalloproteinases-1 (TIMP-1) and B-cell lymphoma-2 (Bcl-2) mRNA in synovial membranes of knee osteoar-
thritis (KOA) patients and controls via semi-quantitative RT-PCR. (A) Agarose gel electrophoresis. (B and C) Statistical charts for the relative expression of 
TIMP-1 and Bcl-2. TIMP-1 and Bcl-2 are significantly elevated in the synovial tissues of KOA patients compared to the control group (**P<0.01).

Table I. Sequence of PCR primers.

Gene Primer sequences

TIMP-1 F: 5'-ATCCACCTTGACGATGCTTTAC-3'
 R: 5'-TTCAGATGTTCTAAGCCTACGG-3'
Bcl-2 F: 5'-TGGCCCTCGTAGCCTTGAGGAC-3'
 R: 5'-CCAGTGCTGCAGGGTCCGAGGT-3'
GAPDH F: 5'-GATGATTGGCATGGCTTT-3'
 R: 5'-CACCTTCCGTTCCAGTTT-3'

TIMP-1, tissue inhibitor of metalloproteinases-1; Bcl-2, B-cell 
lymphoma-2; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; 
F, forward; R, reverse.
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Expressions of TIMP-1 and Bcl-2 and clinico-pathology. 
Next, we analyzed the expression of TIMP-1 and Bcl-2 in the 
synovial tissues of KOA patients in combination with age, sex, 
and the severity and relapse of KOA. The relative expression 
of TIMP-1 and Bcl-2 were not correlated with the age and sex 
of patients (Table II). However, they were closely related to 
the severity and relapse of KOA (Table II). The relationship 
between the severity of KOA and the expression levels of 
TIMP-1 and Bcl-2 is shown in Fig. 3.

Correlation between expression levels of TIMP-1 and Bcl-2 
and KOA. We next performed Pearson's correlation analysis 
to analyze the relationship between the expression levels of 
TIMP-1 and Bcl-2 and the severity of KOA. The expression 
level of TIMP-1 was positively correlated with the severity 
of KOA (r=0.8027, P<0.05) (Fig. 4). The expression level of 
Bcl-2 was also positively correlated with the severity of KOA 
(r=0.5336, P<0.05) (Fig. 5).

Statistical analysis was performed on the expression levels 
of TIMP-1 and Bcl-2 in the synovial tissues of KOA patients. 
When the expression level was higher in KAO patients than 
that of controls, it was considered as high expression. If 

expression in KAO patients was equal to or lower than that 
of controls, it was considered normal or low expression. The 
expression levels of TIMP-1 and Bcl-2 in the synovial tissues 
of KOA patients were not mutually correlated (r=-0.658, 
P>0.05) (Table III).

Discussion

The onset of KOA is a dynamic, progressive process in which 
subchondral bone and articular cartilage influence each other. 
The pathogenesis of KOA often leads to changes in stress 
stimulation of subchondral bone on articular cartilage and, 
eventually, causes destruction of articular cartilage, inducing 
the onset of osteoarthritis (11). Currently the diagnosis for 
KOA is fairly delayed and patients cannot be treated in a timely 
manner. Furthermore, with the progressive aging of the popu-
lation, the KOA patients and the society as a whole are facing 
huge economic pressures. With the continuous progress of 
molecular biology and genetic engineering, scholars in China 
and other countries have made in-depth analyses on osteoar-
thritis from the perspective of pathogenesis, providing new 
approaches for the treatment and diagnosis of KOA (12,13).

Figure 2. Relative expression of tissue inhibitor of metalloproteinases-1 (TIMP-1) and B-cell lymphoma-2 (Bcl-2) in synovial membranes of knee osteoar-
thritis (KOA) patients and normal controls via enzyme-linked immunosorbent assay (ELISA). (A) Expression level of TIMP-1. (B) Expression level of Bcl-2. 
The relative expression of TIMP-1 and Bcl-2 are significantly higher in the synovial tissues of KOA patients than those in the control group (**P<0.01).

Figure 3. Expression of tissue inhibitor of metalloproteinases-1 (TIMP-1) and 
B-cell lymphoma-2 (Bcl-2) in synovial membranes of patients with varying 
severity of knee osteoarthritis (KOA). TIMP-1 and Bcl-2 are significantly 
higher in the synovial tissues in moderate and severe KOA than those in mild 
KOA (vs. mild KOA *P<0.05 and **P<0.01).

Figure 4. Correlation between expression level of tissue inhibitor of metal-
loproteinases-1 (TIMP-1) and severity of knee osteoarthritis (KOA). The 
expression level of TIMP-1 is positively correlated with the severity of KOA.
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MMPs are calcium- and zinc-dependent proteases that can 
degrade almost all the components of extracellular matrix. 
Studies published in the past few years indicate that MMPs are 
related to onset of KOA (14). For instance, MMPs and TIMP 
plays a crucial role in the pathogenesis of KOA (15). TIMP can 
hydrolyze the glycoproteins in the articular cartilage, destroy 

the cartilaginous skeleton, and accelerate the progression of 
KOA. TIMP-1 plays an important role in the pathogenesis 
of several inflammatory conditions (16). Here, we found that 
the levels of TIMP-1 mRNA and protein were significantly 
increased in the synovial tissues of KOA patients compared 
with those in controls. We also found that the expression level 
of TIMP-1 in patients with severe KOA was significantly 
higher than that in patients with milder KOA. Our analysis 
showed positive correlation between the expression level of 
TIMP-1 and the severity of osteoarthritis. Our results indicate 
that TIMP-1 is closely related to the onset and development 
of KOA. Batra et al found that TIMP regulated the metabolic 
processes of the extracellular matrix by inhibiting MMPs (7). 
When TIMP was expressed at high levels, the TIMP-1/MMPs 
ratio aggravated cartilage injury and affected the development 
of osteoarthritis. In a normal cartilage, there is a balance 
between MMPs and MMPs inhibitors: the imbalance between 
MMPs and MMPs inhibitors may lead to cartilage degenera-
tion (17). Therefore, early diagnosis of KOA can be realized 
by detecting the expression level of TIMP-1 in the synovial 
membrane of KOA patient.

Bcl-2 is known to be the most important anti-apoptotic 
cellular factor. Bcl-2 is mainly distributed in the serosal 
surface of outer mitochondrial membrane, nuclear membrane, 
and endoplasmic reticulum surface. Bcl-2 stabilizes the 

Table III. Correlation between expressions of MMP-2 and TIMP-3 in KOA.

 TIMP-1
 -------------------------------------------------------------------------------------------------
Bcl-2 High expression Normal or low expression r-value P-value

High expression 12 58 -0.658 0.081
Normal expression or low expression 49 21

MMP, matrix metalloproteinase; TIMP, tissue inhibitor of metalloproteinases; KOA, knee osteoarthritis.

Table II. Relationship between relative expression of MMP-2 and TIMP-3 and clinical characteristics.

Category n Expression of TIMP-1 (ng/ml) P-value Expression of Bcl-2 (ng/ml) P-value

Age (years)
  ≤60  34  373.58±56.33  0.0692  185.53±21.08  0.0782
  >60 36 364.16±49.28  176.85±19.12
Sex
  Male 32 367.52±53.08 0.0719 164.63±33.62 0.0873
  Female 38 353.96±61.22  172.57±25.29
Severity of KOA
  Mild 13 248.26±31.39 0.012 112.08±16.19 0.021
  Moderate 32 369.89±45.87  163.95±12.01
  Severe 35 431.86±38.65  229.72±15.32
Relapse
  Yes 28 375.68±29.86 0.026 201.87±11.37 0.0085
  No 42 304.52±25.36  115.96±16.69

MMP, matrix metalloproteinase; TIMP, tissue inhibitor of metalloproteinases; KOA, knee osteoarthritis.

Figure 5. Correlation between expression level of B-cell lymphoma-2 (Bcl-2) 
and severity of knee osteoarthritis (KOA). The expression level of Bcl-2 is 
positively correlated with the severity of KOA.
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mitochondrial membranes and maintains transmembrane 
potentials in the mitochondria (17). Some studies also find that 
Bcl-2 can reduce chondrocyte apoptosis by maintaining the 
integrity of the extracellular matrix and regulating the activity 
of telomerase (18). A study found that the expression level of 
Bcl-2 adjacent to the fissure of cartilage was higher than that 
in cartilage without a fissure and higher expression level was 
detected in areas with severe injury (19). Here, we showed 
that the expression levels of Bcl-2 were significantly higher in 
synovial tissues of KOA patients than those in controls. The 
expression level of Bcl-2 was closely related to the severity of 
arthritis, but there was no correlation between the expression 
levels of Bcl-2 and TIMP-1 in KOA patients. These results 
suggest that Bcl-2 participates in the occurrence and develop-
ment of KOA, and that Bcl-2 may be involved in the regulation 
of articular chondrocyte apoptosis in KOA patients. The 
pathogenesis of KOA may be closely related to chondrocyte 
apoptosis and the expression level of Bcl-2 can be used as one 
of the indicators for diagnosing KOA.

In conclusion, both TIMP-1 and Bcl-2 are closely related 
to the occurrence and development of KOA. Thus, they can be 
used as the indicators for clinical diagnosis of KOA. However, 
there are still some limitations to our study. The sample size 
is small and all the patients were enrolled in one hospital. We 
did not perform mechanistic studies to determine the caus-
ative role of TIMP-1 and Bcl-2 on the pathogenesis of KOA. 
Nevertheless, TIMP-1 and Bcl-2 may be valuable for clinical 
diagnosis of KOA, and TIMP-1 and Bcl-2 can bring about new 
breakthroughs for clinical diagnosis and treatment of KOA.
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