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ABSTRACT. Matrix metalloproteinase-3 (MMP-3) can mediate 
the occurrence and development of rheumatoid arthritis (RA). The 
MMP3 promoter gene exhibits polymorphism with 5A/6A alleles. We 
investigated the correlation between the expression of MMP3 gene 
polymorphism and RA to provide an objective basis for prognosis 
evaluation. We enrolled 80 RA patients and 80 healthy subjects. 
Enzyme-linked immunosorbent assay was used to detect MMP-3 serum 
levels, pyrosequencing was used to test MMP3 genotypes, and real-
time polymerase chain reaction determined MMP-3 mRNA expression 
levels. Compared with the control group, the serum level of MMP-3 
in the RA patients increased significantly (P < 0.05). The serum level 
of MMP-3 in RA patients in the active period was markedly elevated 
compared with that in patients in the relief period (P < 0.05). There was 
no statistically significant difference between MMP3 gene frequency 
distribution in the RA patients and the control group (P > 0.05). MMP-
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3 mRNA expression in the RA patients was markedly upregulated 
compared with the control group (P < 0.05), while RA patients in the 
active period exhibited higher MMP-3 mRNA expression (P < 0.05). 
There was no significant difference in MMP-3 mRNA expression 
between RA patients with or without the 6A/6A genotype (P > 
0.05). RA patients exhibited higher serum MMP-3 levels and mRNA 
expression, which were more obvious in the active period. MMP-3 is 
associated with the occurrence and development of RA bone erosion, 
and its serum level and mRNA expression can be treated as important 
predictors of joint damage.
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INTRODUCTION

The main pathological features of rheumatoid arthritis (RA) are synovitis and irre-
versible joint erosion (Zigouris et al., 2011). It has been shown that matrix metalloproteinases 
(MMPs), a family of enzymes that can degrade extracellular matrix proteins, can mediate the 
occurrence and development of RA (Klein and Bischoff, 2011). MMP-3 is the most important 
protease involved in cartilage degradation, and it can be activated by several cytokines such 
as interleukin-1 and tumor necrosis factor alpha. Following activation, MMP-3 can activate 
the other MMPs and degrade multiple proteins, such as cartilage link protein, fibronectin, and 
collagen types IV, VII, IX, and XI (Kobayashi et al., 2007). The serum level of MMP-3 shows 
significant correlation with several RA-related activity indicators, such as C-reactive protein 
(CRP) and erythrocyte sedimentation rate (ESR) (Yokoe et al., 2011). Although CRP and ESR 
are the products of systemic inflammatory reactions, they cannot directly represent the degree 
of inflammatory reaction in RA patients (Felson et al., 2011). However, MMP-3 cannot only 
indirectly participate in RA inflammation through degradation and dissolution, but can also di-
rectly degrade cartilage and bone (Mamehara et al., 2010). The MMP3 promoter gene exhibits 
polymorphism, with 5A/6A alleles (Urata, 2012) and correlation with RA. This study aimed 
to investigate the correlation between serum levels of MMP-3 and mRNA expression of the 
MMP3 gene polymorphism and RA, to provide an objective basis for prognosis evaluation.

MATERIAL AND METHODS

General information

Between January 2013 and October 2014, 80 RA patients and 80 healthy subjects were 
enrolled. All RA patients were diagnosed in accordance with the RA classification standard 
modified by the 2009 American Rheumatism Association (ACR) and the European League 
Against Rheumatism (EULAR) (Aletaha et al., 2010). Patients with liver and kidney dysfunc-
tion, diabetes and metabolic abnormality disease, severe cardiac dysfunction, other joint dis-
eases, malignant tumors, pregnancy, and lactation were excluded. The RA patients comprised 
64 females and 16 males with an average age of 45.0 ± 6.5 (16.5-75) years; the control group 
comprised 62 females and 18 males with an average age of 45.2 ± 6.7 (17-75.5) years. No 
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statistically significant difference was found in gender and age between the two groups (P > 
0.05). Among the 80 RA patients, 54 cases were in the active period and there were 26 cases 
of remission in the relief period.

Index detection

Serum MMP-3 levels

Venous blood was collected without anticoagulant and the serum was separated by 
centrifugation. Enzyme-linked immunosorbent assay (ELISA) was used to detect serum lev-
els of MMP-3 according to the manufacturer instructions. The ELISA kit (E070120BL) was 
bought from the Zeus Company (USA), and the microplate reader was bought from BioTek 
(Synergy™ HT, USA).

Peripheral blood genomic DNA and mononuclear cell RNA extraction

Ficoll was used for the separation of peripheral blood mononuclear cells. The whole 
blood was diluted with phosphate-buffered saline at a ratio of 1:1, then Ficoll and the diluted 
whole blood were mixed at a ratio of 1:1.5. The mononuclear cells were separated by centrifuga-
tion at 2000 rpm for 20 min at 20°C. Total RNA from the identical densities of cells was isolated 
using guanidinium thiocyanate-phenol-chloroform extraction reagent (TRIzol reagent; Invitro-
gen) in the presence of 20 mg/mL linear acrylamide, according to the manufacturer instructions. 

Pyrosequencing

Pyrosequencing (Galil et al., 2014) was used to detect polymorphism loci. Different 
genotypes were determined according to the base sequence detection. The GeneMapper soft-
ware was applied for data analysis.

Reverse transcription (RT)

RT was conducted immediately after cell lysis. Total RNAs were reverse transcribed 
with RT mixtures containing 5X PrimeScript buffer (2 μL), PrimeScript RT Enzyme Mix (0.5 
μL), oligo(dT) primer (0.5 μL), and random 6-mers (0.5 μL) in a total volume of 10 μL for 15 
min at 37°C and 5 s at 85°C.

Real-time RT polymerase chain reaction (RT-PCR)

Each real-time RT-PCR (in 20 µL) contained 12.5 µL SYBR Premix Ex Taq, 0.5 µL 
forward primer, 0.5 µL reverse primer, 2 µL template cDNA, and 9.5 µL distilled water. The 
cycling conditions comprised an initial, single cycle of 5 s at 95°C, followed by 40 cycles of 
5 s at 95°C and 30 s at 60°C.

RA activity determination criteria

The RA activity determination criteria were: medium rest pain; morning stiffness for 
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more than 1 h; joint swelling ≥3; joint tenderness points >5; and ESR >28 mm/h (Gorai et al., 
2014).

Statistical analysis

Numerical data are reported as means and standard deviation (± SD). Differences be-
tween means and rates were analyzed using one-way analysis of variance and the chi-square 
test, respectively. All statistical analyses were performed using the SPSS11.0 software (Chi-
cago, IL, USA). P values <0.05 were considered to be statistically significant.

RESULTS

MMP3 promoter 5A/6A allele determination

After the samples had been subjected to PCR and sequenator electrophoresis, the 
GeneMapper software was used for data analysis. Three genotypes were found: MMP3 5A/5A, 
homozygous alleles with one peak at 125; MMP3 5A/6A, heterozygous alleles with peaks at 
125 and 126; and MMP3 6A/6A, homozygous alleles with one peak at 126 (Figure 1).

Figure 1. Matrix metalloproteinase-3 (MMP-3) (5A/6A) genotyping. Gene polymorphism loci exist in MMP-3 
(5A/6A): homozygous, 5A/5A and 6A/6A; and heterozygous, 5A/6A.

MMP-3 serum level comparison

Compared with the control group, the serum level of MMP-3 in RA patients increased 
significantly (P < 0.05; Table 1). The serum level of MMP-3 in RA patients in the active period 
was markedly elevated compared with the patients in the relief period (P < 0.05; Table 2). RA 
patients with the 6A/6A genotype showed markedly higher serum levels of MMP-3 (P < 0.05; 
Table 3).
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Table 1. Comparison of matrix metalloproteinase-3 (MMP-3) serum levels in rheumatoid arthritis (RA) 
patients and healthy controls (means ± SD, ng/mL).

Group Cases MMP-3

RA patients 80 179.6 ± 21.3
Healthy controls 80 26.3 ± 5.2
t-value    8.69
P value  <0.05

Table 2. Comparison of matrix metalloproteinase-3 (MMP-3) serum levels in rheumatoid arthritis (RA) 
patients in the active period and in the relief period (means ± SD, ng/mL).

Group Cases MMP-3

RA patients in active period 54 233.4 ± 34.7
RA patients in relief period 26   77.5 ± 12.3
t-value    7.42
P value  <0.05

Table 3. Comparison of matrix metalloproteinase-3 (MMP-3) serum levels in rheumatoid arthritis (RA) 
patients with different genotypes (means ± SD, ng/mL).

Group Cases MMP-3

5A/5A+5A/6A group 17 136.8 ± 20.3
6A/6A group 63 248.3 ± 27.9
t-value    6.74
P value  <0.05

MMP3 gene polymorphism analysis

There was no statistically significant difference in MMP3 gene frequency distribution 
between the RA patients and the control group (P > 0.05; Table 4).

Table 4. Comparison of metalloproteinase-3 gene (MMP3) frequency between the two groups (%).

Group Cases 5A/5A 5A/6A 6A/6A

RA patients 80 2 (2.5%) 14 (17.5%) 64 (80.0%)
Healthy controls 80 2 (2.5%)   15 (18.75%)   63 (78.75%)
Chi-square value    0.00   0.04   0.04
P value  >0.05 >0.05 >0.05

MMP-3 mRNA expression level comparison

MMP-3 mRNA expression in the RA patients was markedly upregulated compared 
with the control group (P < 0.05; Table 5); RA patients in the active period exhibited a higher 
level of MMP-3 mRNA expression than those in the relief period (P < 0.05; Table 6). There 
was no significant difference in MMP-3 mRNA expression between RA patients with or with-
out the 6A/6A genotype (P > 0.05; Table 7).
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Table 5. Comparison of matrix metalloproteinase-3 (MMP-3) mRNA expression between the two groups 
(means ± SD).

Group Cases ΔCt value

RA patients 80 1.31 ± 0.12
Healthy controls 80 0.92 ± 0.21
t-value    3.14
P value  <0.05

Table 6. Comparison of matrix metalloproteinase-3 (MMP-3) mRNA expression between rheumatoid arthritis 
(RA) patients in the active period and in the relief period (means ± SD).

Group Cases ΔCt value

RA patients in active period 54 1.02 ± 0.21
RA patients in relief period 26 0.80 ± 0.19
t-value    3.06
P value  <0.05

Table 7. Comparison of matrix metalloproteinase-3 (MMP-3) mRNA expression in rheumatoid arthritis (RA) 
patients with different genotypes (means ± SD).

Group Cases ΔCt value

5A/5A+5A/6A group 17 0.92 ± 0.23
6A/6A group 63 0.93 ± 0.24
t-value    0.03
P value  >0.05

DISCUSSION

MMP-3 is mainly secreted by synovial cells, fibroblasts, and cartilage cells, but can 
also be secreted by osteoclasts in small amounts. MMP-3 can directly degrade proteoglycan in 
the extracellular matrix. When MMP enzymes are activated, MMP-3 is activated first. It then 
activates the zymogens of other MMPs, which leads to degradation of extracellular matrix 
components such as fiber adhesive proteins and laminin. This leads to MMP degradation prod-
ucts; mucopolysaccharides are released to the joints simultaneously and cause joint inflamma-
tion (Li et al., 2013; Ma et al., 2014; Sun et al., 2014). The major histocompatibility complex 
presents the fragments generated by MMP-3 hydrolysis of collagen to T cells, and promotes 
the activation and release of large amounts of inflammatory cytokines, which in turn increases 
MMP-3 expression levels in the cartilage cells and synovial fibroblasts. All these processes 
result in increased collagenase activity and aggravation of joint inflammation (Houseman et 
al., 2012; Lee et al., 2014). In addition, MMP-3 secreted into the synovial fluid can directly 
degrade the cartilage and bone composition without synovial membrane covering, thereby 
damaging the articular cartilage and bone of the RA patients (Ryu et al., 2011).

Previous research has suggested that clinical indicators commonly used for RA activ-
ity, such as CRP and ESR, cannot accurately reflect partial synovial inflammation and joint 
damage in RA patients. Therefore, it is necessary to seek a more sensitive and accurate indica-
tor to evaluate and reflect the actual changes in RA patients (Kanbe et al., 2011). In the present 
study, compared with the control group, the serum level of MMP-3 in RA patients increased 
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significantly (P < 0.05). The serum level of MMP-3 in RA patients in the active period was mark-
edly elevated compared with that of patients in the relief period (P < 0.05). The results showed 
that MMP-3 is not only the key enzyme for synovial inflammatory reaction in RA patients, but 
can also cause joint damage. MMP-3 can be used for monitoring synovial inflammation in RA 
patients and evaluating the curative effect to guide further clinical application and treatment.

At the transcriptional level, MMP-3 expression is regulated by a promoter gene. Two 
alleles called 5A and 6A are located at position 1171 relative to the transcription start site in 
the human MMP3 gene promoter region, and 5A/6A polymorphism results in different gene 
transcription activity of MMP3. The 5A homozygote protein expression level is four times 
higher than the 5A/6A heterozygote protein level, while the 6A homozygote protein level is 
only half that of the 5A/6A heterozygote protein (Urata, 2012). However, the effect of MMP3 
gene polymorphism on the occurrence and development of RA is still not clear. In our study, 
there was no statistically significant difference between the MMP3-1171 locus 5A/6A gene 
promoter single nucleotide polymorphism locus frequency distribution in the RA patients and 
the healthy controls (P > 0.05). Furthermore, RA patients with the 6A/6A genotype showed 
markedly higher serum levels of MMP-3 (P < 0.05). The results suggest that the degree and 
rate of bone erosion damage are higher in RA patients with the 6A/6A genotype. Thus, the 
MMP3 6A/6A genotype can be treated as a predicator of bone erosion severity in RA patients.

However, our research revealed no statistically significant differences in MMP-3 
mRNA levels between the groups (P > 0.05). Our results indicated that the three genotypes of 
single nucleotide polymorphism in the 5A/6A gene promoter region (-1171) had no correla-
tion with RA occurrence, and this may be related to the multiple factors that influence MMP-3 
mRNA expression. For example, inflammatory cytokine interleukin 1 and tumor necrosis fac-
tor alpha can upregulate MMP-3 mRNA expression, while interleukin-4 and tumor necrosis 
factor beta can downregulate it (Nagasawa et al., 2010). Drug treatment and the disease itself 
may change some related cytokine expression levels, affecting MMP-3 mRNA expression and 
the occurrence and development of RA (Kotani et al., 2012; Hiura et al., 2013).

In conclusion, the RA patients exhibited higher MMP-3 mRNA expression, and it was 
more obvious in the active period of the disease. MMP-3 mRNA expression is associated with 
the occurrence and development of RA.
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