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Abstract: Matrix metalloproteinase (MMP)-2 and MMP-9, two important members of the matrix metalloproteinase 
family, have been shown critical contributions in intra-tumor angiogenesis and invasion of tumor progression, and 
they might also play important roles in the angiogenesis as well as the pannus formation of rheumatoid arthritis 
(RA). In the present study, we used the immunohistochemistry, the immunofluorescence staining and the con-focal 
scanning methods to characterize the immunolocalization of MMP-2 and MMP-9 in RA synovium tissues. Our results 
showed that both MMP-2 and MMP-9 immunostaining could be found in synoviocytes and vascular endothelial 
cells. Moreover, our con-focal scanning also showed that MMP-2 could be found in infiltrating CD14+ monocytes 
and CD68+ macrophages, and MMP-9 could be found in infiltrating CD68+ macrophages in RA synovium tissues, 
while weak or negative staining of these two MMPs could be found in infiltrating CD20+B cells and CD3+T cells in 
RA synovium. Thus, our finding suggests that both MMP-2 and MMP-9 expressed by synoviocytes as well as certain 
infiltrating immune cells role importantly in the angiogenesis in RA progression.
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Introduction 

Rheumatoid arthritis (RA), which is a chronic 
inflammatory autoimmune disease, affects 
approximately 1% of the population worldwide 
[1, 2]. RA usually clinicopathologically repre-
sents as progressive impairment of many tis-
sues and organs, especially attacks the periph-
eral joints and leads to cartilage and bone 
destruction [3, 4]. The angiogenesis involves in 
perpetuating inflammatory and immune res- 
ponses, as well as supporting pannus growth 
and development in RA [5]. The pannus with 
excessive angiogenesis in RA could also be 
viewed as non-malignant hyper-proliferative 
disease, pushing the progression of RA by car-
tilage and bone erosion, and leading to irrevers-
ible destruction of joint structure and function 
[6].

Matrix metalloproteinases (MMPs), a family of 
zinc-dependent endopeptidases, can degrade 
the basement membranes as well as other 
extracellular matrix components [7]. According 

to their structures and substrate specificities, 
MMPs are predominantly divided into five sub-
groups: collagenases, gelatinases, stromely-
sins, membrane-type MMPs and other MMPs 
[8, 9]. MMPs have been shown to be closely 
related with tumor invasion, metastasis and 
intratumoral angiogenesis. Moreover, MMPs 
could also process several bio-active factors, 
apoptotic chemokines, and cell signaling fac-
tors, which affect immune responses [10]. 
MMPs also role important roles in RA, and the 
expression levels of certain members of the 
MMPs, such as MMP-3, MMP-8 and MMP-9, 
significantly associated the disease progres-
sion [11-15].

MMP-2 (also known as gelatine-A) and MMP-9 
(also known as gelatinase-B), are the two key 
members of MMPs family, are capable of cleav-
ing gelatine, type I, IV and V collagens, elastin 
and vitronectin [16]. The role of MMP-9 and 
MMP-2 in tumor angiogenesis has been sup-
ported by in vivo and in vitro evidences. As we 
know, the pannus with excessive angiogenesis 
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behave in tumor-like fashion, therefore we 
herein suspected that MMP-2 and MMP-9, 
might also be involved in angiogenesis process 
and pannus formation in RA. In the present 

study, we used the immunohistochemistry, the 
immunofluorescence staining and the con-focal 
scanning methods to characterize the immuno-
localization of MMP-2 and MMP-9 in RA synovi-

Figure 1. A: Positive staining of MMP-2 in synoviocytes of rheumatoid synovium. B: Positive staining of MMP-9 in 
synoviocytes of rheumatoid synovium. Scale bar = 75 μm.
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um tissues, in order to investigate their roles in 
angiogenesis process and pannus formation of 
RA.

Methods and materials

Patient and tissue samples

The synovium tissues of the knee joint from 
one patient with RA at active stage were col-
lected by using arthroscopic biopsy in the De- 
partment of Orthopedics of our hospital. The 
patient met the American College of Rheu- 
matology criteria for RA, and the diagnosis of 

pathological changes was confirmed by using 
H&E staining. Laboratory assessment including 
the measurement of serum levels of C reactive 
protein (CRP), erythrocyte sedimentation rate 
(ESR), anti-CCP antibody, rheumatoid factors 
(RF), and blood routine examination were per-
formed. The protocol for the present study was 
approved by the Ethics Committee of our ho- 
spital.

Antibodies and reagents

Rabbit anti-human MMP-2 monoclonal anti-
body, rabbit anti-human MMP-9 monoclonal 

Figure 2. Immunolocalization of MMP-2 and MMP-9 in vascular epithelial cells in RA synovium tissues. A: Positive 
staining of MMP-2 in CD34+ vascular epithelial cells. B: Positive staining of MMP-9 in CD34+ vascular epithelial cells. 
Scale bar = 75 μm.
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antibody and mouse anti-human CD14 mono-
clonal antibody were purchased from Novus 
Biologicals (Littleton, CO, USA). Mouse anti-
human CD3 monoclonal antibody (ready to use) 
was purchased from Beijing Zhongshan Golden 
Bridge Biology (Beijing, China). Mouse anti-
human CD20 monoclonal antibody (ready to 
use), mouse anti-human CD68 monoclonal 
antibody (ready to use), mouse anti-human 
CD34 monoclonal antibody (ready to use), and 
goat serum used in blockade were purchased 
from Fuzhou Maxin Biotechnology (Fuzhou, 
China). Alexa Fluor® 488 goat anti-rabbit IgG 
(H+L) and Alexa Fluor® 555 goat anti-mouse 
IgG (H+L) were purchased from Invitrogen 
(Grand Island, NY, USA). Rabbit IgG was pur-
chased from Southern Biotech (Birmingham, 
AL, USA), and mouse IgG1 was purchased from 
eBioscience (San Diego, CA, USA). 4,6-Diamino-
2-phenyl indole (DAPI) used in fluorescent 
counterstaining of cell nuclei was purchased 
from Beyotime (Shanghai, China).

Immunofluorescence staining and confocal 
laser scanning

Formalin-fixed, paraffin-embedded rheumatoid 
synovium tissues were cut into consecutive 
3-μm-thick sections. After the sections were 
dewaxed in xylene, rehydrated via graded etha-
nol solutions, antigen retrieval was performed 
by heating the sections for 30 min at 100°C in 
citrate solution or in EDTA solution when need-
ed. Then the sections were cooled and rinsed in 
PBS for 5 min, and subsequently blocked using 
3% bovine serum albumin. The sections were 
then incubated with primary antibody against 
MMP2 (diluted in 1:300) or anti-MMP-9 (diluted 
in 1:200) in combination with anti-CD3, anti-
CD14 (diluted in 1:500), anti-CD20, anti-CD34 
and anti-CD68, respectively, at 4°C overnight. 
The section incubated with rabbit IgG in combi-
nation with mouse IgG instead of the primary 
antibodies was performed as a negative con-
trol. After washing three times in PBS (5 min 
per wash), the sections were incubated with 
mixed Alexa Fluor® 488 goat anti-rabbit IgG 
(diluted in 1:100) and Alexa Fluor® 555 goat 
anti-mouse IgG (diluted in 1:100) for one hour 
at 37°C. Then the sections were rinsed in PBS 
for 5 min, and incubated with DAPI for 10 min to 
stain the nuclei and mounted by using anti-fade 
mounting medium. Finally, the sections were 
examined by using a Leica SP5 laser scanning 

confocal microscope (Leica Microsystems, Wet- 
zlar, Germany).

Results

Immunolocalization of MMP-2 and MMP-9 in 
synoviocytes and vascular endothelial cells in 
RA synovium tissue

Our con-focal scanning results showed that the 
immunostaining of MMP-2 and MMP-9 could be 
found in the synoviocytes of synovium tissue 
from RA patient (Figure 1). Neo-vessels labeled 
by using CD34+ vascular endothelial cells could 
also be found in synovium tissue from RA 
patient, which implicated that rich blood vessel 
formation as well as pannus formation was 
involved in the progression of RA disease. And 
we also found that MMP-2+CD34+ or MMP-
9+CD34+ vascular endothelial cells (Figure 2) 
involved in the pannus formation in synovium 
tissue of RA patient.

Immunolocalization of MMP-2 and MMP-9 in 
infiltrating immune cells in RA synovium tissue

In the hyperplastic rheumatoid synovium tis-
sue, we could found varieties of infiltrating 
immune cells, such as monocytes and lympho-
cytes. In order to investigate the immunolocal-
ization of MMP-2 and MMP-9 in subsets of 
those immune cells, we used immunofluores-
cence double-staining and confocal scanning in 
the present study. Our data showed that the 
negative or weak immunostaining of MMP-2 
could be found in infiltrating CD3+T cells and 
CD20+B cells, while the positive immunostain-
ing of MMP-2 could be found in infiltrating 
CD68+ macrophages and CD14+ monocytos 
(Figure 3). Meanwhile, our data also showed 
that the negative or weak immunostaining of 
MMP-9 could be found in infiltrating CD3+T 
cells, CD20+B cells and CD14+ monocytos, 
while the positive immunostaining of MMP-9 
could be found in infiltrating CD68+ macro-
phages (Figure 4).

Discussion

The pannus formation, which is defined as the 
microscopic invasive granulation tissue cover-
ing the articular cartilage and synovium in the 
progression of RA, is involved in the cartilage 
destruction [17]. The angiogenesis, a critical 
step in the pannus formation, provides oxygen 



MMP-2 and MMP-9 expression in human rheumatoid synovium

3052	 Int J Clin Exp Pathol 2014;7(6):3048-3056

Figure 3. Immunolocalization 
of MMP-2 in infiltrating im-
mune cells in RA synovium 
tissues. A: Negative staining 
of MMP-2 in infiltrating CD3+T 
cells. B: Negative staining of 
MMP-2 in infiltrating CD20+B 
cells. C: Positive staining of 
MMP-2 in infiltrating CD14+ 
monocytes. D: Positive stain-
ing of MMP-2 in infiltrating 
CD68+ macrophages. E: Neg-
ative controls. Scale bar = 75 
μm.

and nutrients to the hyper-
trophic granulation tissue, 
and also provides the me- 
ans for recruitment of in- 
flammatory cells forward 
to the articular synovium, 
and finally leads to the irre-
versible destruction of jo- 
int structure and function 
[2, 6]. As we all know, the 
healthy joints usually ma- 
intain a balance between 
the synthesis of extracel-
lular matrix molecules and 
the proteolytic degradat- 
ion of damaged ones, and 
this balance is shifted to- 
ward matrix destruction in 
the progression of RA due 
to the increased produc-
tion of cleavage enzymes 
[18, 19]. MMP-2 and MM- 
P-9 are the two major com-
ponents of matrix metallo-
proteinases family. It has 
been demonstrated that 
the expression levels of 
MMP-2 and MMP-9 in pe- 
ripheral blood or in synovi-
al fluid of patients with 
rheumatoid arthritis [20, 
21]. However, the detailed 
localization and the poten-
tial function of these ma- 
trix metalloproteinases in 
rheumatoid synovium tis-
sues are still remains elu- 
sive.

In the present study, we 
found that the immunos-
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Figure 4. Immunolo-
calization of MMP-9 
in infiltrating immune 
cells in RA synovium 
tissues. A: Negative 
staining of MMP-9 in 
infiltrating CD3+T cells. 
B: Negative staining of 
MMP-9 in infiltrating 
CD20+B cells. C: Nega-
tive staining of MMP-9 
in infiltrating CD14+ 
monocytes. D: Positive 
staining of MMP-9 in 
infiltrating CD68+ mac-
rophages. Scale bar = 
75 μm.

taining of MMP-2 
and MMP-9 could be 
found in the synovio-
cytes and CD34+ 
vascular endothelial 
cells of synovium tis-
sue from RA patient, 
suggesting that M- 
MP-2 and MMP-9 
involved in the pro-
gression of RA, esp- 
ecially in the physio-
pathological process 
of the angiogenesis 
and the pannus for-
mation. Moreover, 
the positive immu-
nostaining of MMP-2 
could be found in 
infiltrating CD68+ 
macrophages and 
CD14+ monocytos, 
and the positive im- 
munostaining of M- 
MP-9 could be found 
in infiltrating CD68+ 
macrophages in rhe- 
umatoid synovium ti- 
ssues.

MMP-2 could modu-
late the vascular en- 
dothelial growth fac-
tor (VEGF) availabili-
ty and played an im- 
portant role in angio-
genesis, and enhan- 
ced capability of gro- 
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wth and invasion in human tumors [22, 23]. 
And MMP-9 has been described to release the 
biologically active form of VEGF and has direct 
proteolytic degradation of vascular basement 
membrane proteins [24]. It was also reported a 
long-term role for MMP-9 in vascular remodel-
ing after islet transplantation and re-vascular-
ization which was indicated by the impaired 
revascularization of islets transplanted to 
MMP-9 deficient mice [25]. In according to the 
results of several reports suggesting that 
MMP-2 and MMP-9 are important for angiogen-
esis. Kim et al. [21] reported that the high lev-
els of MMP-2 and MMP-9 in synovial fluid of RA 
which were greatly higher than that in OA, and 
found that the level of MMP-9 was associated 
with the level of VEGF in both RA and OA. So 
those two gelatinases may also taking parts in 
neo-vascularization in RA progression. In this 
study, we investigated the immunolocalization 
of MMP-2 and MMP-9 in the rheumatoid synovi-
um, and the data showed that both MMP-2 and 
MMP-9 could be expressed by synoviocytes, 
CD34+ endothelial cells, which was consistent 
with the report above and could also support 
the notion that these two matrix metallopro-
teinases expressed by synoviocytes may be 
involved in the pannus formation in RA 
progression.

The immune cell subsets are important compo-
nents of the RA pannus, and such inflammatory 
process is characterized by the infiltration of 
inflammatory cells such as macrophages, T 
cells, B cells, monocytes and dendritic cells 
into the joints in RA [6]. The gelatinases MMP-2 
and MMP-9 have been found in tumor infiltrat-
ing CD3+ lymphocytes, suggesting the increased 
expression in tumor infiltrating lymphocytes 
might also be involved in the intratumoral 
angiogenesis [26]. And it also has been report-
ed that various immune cells, such as macro-
phages, neutrophils and mast cells, initiate 
tumor angiogenesis by induced the expression 
of proteases such as MMP-9 [27]. Thus the 
information of the detailed immunolocalization 
of those gelatinases in those immune cell sub-
sets in rheumatoid synovium still remains elu-
sive. Therefore, we herein studied the immuno-
localization of MMP-2 and MMP-9 in some 
major subsets of infiltrating immune cells in 
rheumatoid synovium tissue. And our data 
showed that the positive immunostaining of 
both MMP-2 and MMP-9 could be found in infil-
trating CD68+ macrophages, and MMP-2 could 

also be found in infiltrating CD14+ monocytes, 
whereas negative expression of both MMP-2 
and MMP-9 can be found on infiltrating CD3+T 
cells as well as CD20+B cells. Our data suggest-
ed that the macrophages and the monocytes 
were major component of RA pannus and might 
contribute to locally cartilage destruction and 
blood vessel growth by the mean of releasing 
collagenolytic enzymes like MMP-2 and 
MMP-9.

In conclusion, our present study demonstrated 
that that the expression of MMP-2 and MMP-9 
can be found on synoviocytes, endothelial cells, 
monocytes and macrophages in rheumatoid 
synovium, which indicate an important role of 
these two molecules in the pannus formation 
and invasion in RA progression, and the 
detailed mechanism merits further research.
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