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Differential MMP-2 Activity Induced by Mechanical Compression and
Inflammatory Factors in Human Synoviocytes
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Abstract: The anterior cruciate ligament, pos-
terior cruciate ligament, cartilage and meniscus in
human knee joint have poor healing ability. Accu-
mulation of MMPs in the joint fluids due to knee
injury has been considered as the main reason.
Our previous experiments showed that synovium
may be the major regulator of MMPs in joint cav-
ity after injury. In this paper, we used human syn-
oviocytes harvested from synovium to determine
whether mechanical injury and inflammatory fac-
tors will induce MMP-2 production in synovio-
cytes. With zymography, we found that mechan-
ical compression increased the MMP-2 produc-
tion by 23% under 6% compressions, 61% un-
der 12% compression and 109% under 14% com-
pressions. In addition, TNF-α can also elevate
the activity of MMP-2 in a dose dependent man-
ner, while IL-1α does not. However, mixture of
these two factors dramatically increased MMP-
2 production by 201%. In addition, mechanical
injury had a strong synergistic effect on MMP-
2 production with TNF-α , IL-1α and their mix-
ture, increasing by 207%, 354% and 468% in-
dividually. The generic MMP activity assay re-
vealed that mechanical compression increased the
generic activity. APMA treatment increased the
generic activity of MMPs induced by compres-
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sion but not inflammatory factors, which indicates
that compression would induce MMPs in pro-
form while inflammatory factors induce MMPs
mostly in active-form. We concluded that me-
chanical injury and inflammation would induce
large amount of MMP-2 and global MMP activity
in synoviocytes, which is always injured accom-
panied by the injury of other joint tissues. The
accumulation of MMPs and the elevated prote-
olytic activities in the comparative isolated joint
cavity would destroy the balance of tissue repairs,
which may be the major reason why joint tissues
have poor healing ability. Thus, synvoium may be
involved in regulating the micro-environment of
joint cavity and the injury/healing process of knee
joint tissue.
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Abbreviations

HA hyaluronic acid
ACL anterior cruciate ligament
PCL posterior cruciate ligament
MMP-2 matrix metalloproteinase-2
IL-1α l interleukin-1alpha
TNF-α tumor necrosis factor-alpha

1 Introduction

The knee is a major weight-bearing joint and is
constantly subjected to trauma. The anterior cru-
ciate ligament (ACL) and posterior cruciate liga-
ment (PCL) of the human knee play pivotal role
in controlling and stabilizing the knee joint; both
the medial and lateral menisci bear weight, help
stabilize the tibiofemoral joint, transmit load, im-
prove joint congruency, enhance rotation of the
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opposing articular surfaces, and augment lubrica-
tion and nutrition of the articular cartilage. Carti-
lage and meniscus capsuloligamentous structures
are essential to provide joint stability and – in turn
– persistent instability bears a risk for osteoarthri-
tis that needs timely and comprehensive diagno-
sis. However, these tissues are susceptible to me-
chanical injury. The knee surgery ranks 1st in US
in 2003, and ligament injuries result in signifi-
cantly disability in over 100,000 patients annually
in the US alone [25]. Treatment of these injured
tissues is a challenge because they are incapable
of quality repair and/or regeneration to its native
state. Reconstruction of ligament, cartilage and
meniscus, which is the currently preferred choice
of treatment, remains difficult to satisfactorily re-
store the function of joint tissue [27]. In fact,
50,000 ACL reconstructions are carried out an-
nually and 45%-50% of these patients will later
develop osteroarthritis (OA) [9].

Some researchers argued that the poor healing
ability of knee joint tissue could result from the
restricted vascular supply and limited vascular
bed environment. In addition, ACL, cartilage and
meniscus lack an initial inflammatory response,
resulting in poor tissue healing [2, 8]. However,
our in vivo model proved that IL-1β , IL-6 and
TNF-α elevated sharply in the 72h of rat ACL
injury, which represented an early inflammatory
response. Irie K [17] also reported that the early
inflammatory response in human joint fluid sam-
ples suffered from ACL injury, which suggested
that the intra-articular healing process also pro-
gresses in ACL injured knees.

Recently, many researches focused on Matrix-
metalloproteinases reveal that large amount of
MMPs released in the joint fluids might be the
reason why joint tissues are difficult to repair.
During the tissue injury and repair processes,
old ECM molecules are removed and new ECM
molecules are synthesized and deposited [15].
Digestion and synthesis ligament, cartilage and
meniscus are an intricately modulated process.
Regulation of this process will greatly affect the
healing ability. The balance between the degrada-
tive and biosynthetic arms of tissue remodel-
ing process is controlled by MMPs and their

inhibitors (tissue inhibitors of metalloproteases,
TIMPs). In general, during the degradative pro-
cess of tissue remodeling, the influence of MMPs
is greater than TIMPs and the opposite is true in
the reparative process. MMP activity is tightly
coordinated at different levels including transcrip-
tional regulation, activation of latent zymogen and
interaction with endogenous inhibitors and other
proteins such as MMPs.

Reports showed that ACL fibroblast released
much more pro and active form MMP-2 than
MCL fibroblast under mechanical injury. Global
MMP activity assay showed injured ACL fibrob-
last released almost 20 times more MMP activ-
ity than injured MCL fibroblast [6]. Mechani-
cal injury induces damage to the tissue matrix di-
rectly or mediated by chondrocytes via expres-
sion of matrix-degrading enzymes and reduction
of biosynthetic activity. The expression of sev-
eral matrix-degradiing enzymes like ADAMTS5
and matrix-metalloproteinases (MMP-1, MMP-
2, MMP-3, MMP-9, MMP-13) is increased af-
ter injury [4,22]. Our in vivo rat ACL injury
model also proved that knee joint tissues released
much more MMPs after ACL rotating injury, es-
pecially the synovium, which released 6 folds
MMP-2 compared with control, and where most
of the pro-MMP-2 were converted into active-
form. Thus, investigation in mechanism of MMPs
in knee joint tissues induced by mechanical in-
jury and inflammatory factors would enhance our
understanding of injury/healing process of intra-
articular tissues.

Synovium plays an important role in regulat-
ing the micro-environment and many patholog-
ical process of joint cavity, like RA and OA,
where synovium released large amount of MMPs
and pro-inflammatory factors [16] [20]. However,
there is no report about the role of synovium in
the process of knee joint tissue injury. It is re-
ported that synoviocytes are mechano-sensitive in
regulating HA release and the joint cartilage func-
tion [28]. Mechanical strain to MH7A rheuma-
toid synovial cells caused reduction of cytokine-
induced expression and activity of MMP-1 and
MMP-13[14]. Our in vivo model revealed that
synovium released more active-form of MMP-2
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than injured ACL. However, there is no report
about the effect of mechanical injury on synovio-
cytes in regulating the micro-environment.

MMP-2 is a member of the matrix metallopro-
teinases family and has been found to be involved
in many cellular processes such as tissue remodel-
ing, repair and basement membrane degradation,
the healing of the acute tears, tumor invasion, neo-
vascularization and metastasis [5, 26]. We used
an equi-bixial stretch chamber [18] to study the
release of MMP-2 in synoviocytes under mechan-
ical compression and inflammatory factors.

2 Materials and Methods

2.1 Cell Culture

Human synoviocytes were harvested from four
donor tissues ranging in age from 23 to 56 years.
The donor ligament tissue was isolated within 24
h after patient death and immediately washed with
1x PBS with 3xPSF and then cut into small pieces
of dimension 1x2 x2 mm3. The small pieces of
synovium were suspended in 10% FBS-DMEM
and incubated at 37˚C in a humidified atmosphere
of 5% CO2 and 95% air. After the synovicytes
migrate out of the small tissues and attached to
the bottom, the tissues were transferred to another
flask and the remaining cells will grow to con-
fluency. The cells were frozen in liquid nitro-
gen until use. Cells were then cultured in 10%
FBS media (low glucose DMEM, 0.1 mM non-
essential amino acids, 4 mM L-glutamine and an-
tibiotics) at 37˚C in a humidified atmosphere with
5% CO2 and 95% air. In our experiments, only
cells from passage 1 to passage 5 were used and
synoviocytes strains from four different donor pa-
tients were used. All experiments were repeated
at least three times.

2.2 Mechanical compression injury

Before the cells were trypsinized and seeded
onto the silicone membrane within an equi-biaxial
stretch chamber, the silicone membranes were
pre-stretched to 6%, 12% and 14%. Afterward,
cells were seeded onto the silicone membrane at
the concentration of 500,000 cells/chamber. Cells
were allowed 48 h to seed and equilibrate. The

culture media was removed and replaced by 2%
FBS media for 16 h of starvation (under 12%
compression conditions, we have found that the
cells are more vulnerable to death in 0.5% FBS
media). Right before compression, the culture
media was replaced with fresh 1% FBS media.
Cells were then subjected to physiologic (6%),
12%, 14%, and control (0%) compression con-
ditions. Two hundred mircolitres culture media
samples were collected at 8, 24, 48, and 72h after
compression.

2.3 Cytokine Treatment

Synoviocytes were maintained in DMEM
medium supplemented 10% fetal bovine serum
until they reached 70 to 80% confluence. The
medium was then replaced with 2% FBS DMEM
and cells were incubated for 24 hours before
cytokine addition. Cells were then treated with
either Tumor Necrosis Factor-alpha (TNF-alpha)
(10 ng/ml, 50 ng/ml, 100 ng/ml), Interleukin-
1alpha (IL-1alpha)(1ng/ml, 5ng/ml, 10 ng/ml)
in the 1% FBS medium and incubated for 72h.
Conditioned medium were extracted at 8h, 24h,
48h and 72h for zymography.

2.4 Zymography

MMP-2 activity from collected samples was as-
sayed using 0.05% gelatin zymography. Briefly,
10 μ l of each sample was mixed with equal
amount of Laemmli sample buffer (62.5 mM
Tris–HCl, pH 6.8, 25% glycerol, 2% SDS, 0.01%
bromophenol blue, no b-mercaptoethanol) and
separated in 10% SDS–PAGE gel copolymerized
with 0.05% gelatin. To regain enzyme activity by
removing SDS, gels were washed in 2.5% Triton-
X-100 three times for 1.5 h at room temperature
(RT) after electrophoresis. Washed gels were then
bathed in proteolysis buffer (50 mM CaCl2, 0.5
M NaCl, 50 mM Tris, pH 7.8) and incubated at
37˚C for 15 h. Following incubation, gels were
rinsed in 2.5% Triton-X-100 solution and stained
at room temperature with coomassie blue (45%
methanol, 44.75% H2O, 10% acetic acid, 0.25%
coomassie blue R-250) for 1 h on a rotator. Gels
were destained (40% methanol, 7.5% acetic acid,
52.5% H2O) for a few hours until the bands be-
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come clear. The gelatin inside the gel will bind
to the Coomassie Blue, dyeing the gel blue and
leaving the MMP digested regions white in color.

2.5 Global MMP Activity Assay

The quenched fluorescent peptide Mca–Pro–
Leu–Gly–Leu–Dpa–Ala–Arg–NH2 (Biomol,
Plymouth Meeting, PA; Calbiochem, La Jolla,
CA) acts as a substrate for cleavage by multiple
MMPs (including MMP-2). Reaction: 50 ul
of [SAMPLE: cell lysate, culture medium, or
whatever it is] in 149 ul of reaction buffer (50
mM Tris, 150 mM NaCl, 5 mM CaCl2, 0.2 mM
NaN3, pH 7.6) with 1ul of 2mM Omni-MMP
Fluorescent Substrate (final concentration 0.1
mM). We performed kinetic analyses for global
MMP activity in a BioTek FLx800 plate reader at
37˚C, reading once a minute for 1 h. The reaction
rate is determined from the linear portion of the
kinetic curve, and is expressed as relative fluo-
rescence units per minute (RFU/min). Negative
controls were run using buffer rather than sample.
Phenanthroline, a global MMP inhibitor, was
used (1 mM final concentration) as a control for
cleavage specifically by MMPs.

2.6 Statistical analysis

Statistical analysis was performed by one-way
analysis of variance (ANOVA) to determine
whether differences existed among groups. Post
hoc analysis utilized Fisher’s protected least sig-
nificant differences (PLSD). In each analysis, crit-
ical significance levels will be set to a = 0.05.

3 Results

3.1 MMP-2 levels are increased in a
compression-level-dependent manner
in synoviocytes

Compared with the control (0%), the physiologi-
cal compression at 6% increased MMP-2 expres-
sion in synoviocytes by 23%, 12% compression
by 61%, and 14% compression by 109%. There
is a clear dose-dependence response of MMP-2
expression to compression levels. (Figure. 1) In
addition, MMP-2 was increased in all compres-
sion levels in a time-dependent manner.

8h     24h    48h     72h                      

 Control 

 6% compression 

 12% compression 

 14% compression 

a)

b)

Figure 1: MMP-2 levels increased in an
amplitude-dependent manner in synoviocytes. (a)
Sample were taken from stretch chambers and ap-
plied to zymography. 0%, 6%, 12%, 14% indicate
the compression percentages . (b) MMP-2 quan-
tification of compression samples at 72h with Bio-
Rad Image software. Statistic analysis was done
by ANOVA method. *Significant difference with
respect to control (p<0.05).

3.2 MMP-2 levels are induced by TNF-α but
not IL-1α in a dose-dependent manner in
synoviocytes

Compared with the control (0 ng/ml), the 10
ng/ml TNF-α level seemly increased the expres-
sion of MMP-2, however, it is not statistically
significant; 50ng/ml TNF-α increased the MMP-
2 level by 76%, while 100ng/ml increased the
MMP-2 level by 97% (Figure 2A&2B). The IL-
1α doesn’t have this effect. However, when we
mixed the two inflammatory factors in different
concentration, there was significantly synergistic
effect of these two factors (Figure 2C). MMP-
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2 were increased by 134% under 1ng/ml IL-1α
and 10ng/ml TNF-α , and increased by 201% un-
der 5ng/ml and 50ng/ml (Figure 2C). In addi-
tion, the conversion from the 72KD MMP-2 to
62 KD MMP-2 was observed, indicating that both
the increase of 72KD MMP-2 and the conversion
of 72KD MMP-2 to 62KD MMP-2 were dose-
dependent and time-dependent.

 Control 

 1ng/ml IL-1

 5ng/ml IL-1

10ng/ml IL-

(a)

(b)

Figure 2A: Effects of IL-1α on MMP-2 activities
in synoviocytes under normal condition. (a) Rep-
resentative zymogram for MMP-2 expression in
cells treated with culture media alone or IL-1α
(1, 5, 10ng/ml). (b) showed no significant dif-
ference in MMP-2 between control and IL-1α-
treated groups (1, 5, 10 ng/mL).

3.3 Mechanical injury had a synergistic ef-
fect with inflammatory factors on inducing
MMP-2 in synoviocytes

We found that IL-1α didn’t have any effect on
inducing MMP-2 release in synoviocytes, how-
ever, when we applied 12% mechanical injury on
the synoviocytes while add 5ng/ml IL-1α in the
medium, we surprisingly found that both 72KD
MMP-2 increased by 207%, much more than 12%

 Control 

 10ng/ml TNF-

 50ng/ml TNF-

 100ng/ml TNF-

(a)

(b)

Figure 2B: Effect of TNF-α on MMP-2 secretion
by synoviocytes under normal condition. (a) Rep-
resentative zymogram for MMP-2 expression in
cells treated with culture media alone or TNF-
α(10 50, 100ng/ml). (b) showed significant
difference in MMP-2 levels in TNF-α-treated
groups (10, 50,100 ng/mL) cells compared with
control. Statistic analysis was done by ANOVA
method. *Significant difference with respect to
control (p<0.05).

compression (Figure 3A). Besides, 72kD MMP-2
converted to 62KD active form. TNF-α also had
a synergistic effect on inducing MMP-2 release,
increased by 354% under 12% mechanical injury
and 50ng/ml TNF-α . Mixture of 5ng/ml IL-1α ,
50ng/ml TNF-α and 12% compression increased
MMP-2 by about 468%, and 62KD active form
appeared in 48h (Figure 3B).

3.4 Different generic MMP activities in syn-
oviocytes under compression and inflam-
matory factors

A fluorescence-based Generic MMP activity as-
say was used to evaluate the total MMP activity
in these samples. The kit uses a 5-FAM/QXLTM
520 fluorescence resonance energy transfer pep-
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   1ng/ml IL-1  + 10ng/ml TNF-

 5ng/ml IL-1  + 50ng/ml TNF-

(a)

(b)

Figure 2C: The synergistic effects of these two
factors on MMP-2 activities in synovium under
normal condition (a). The two inflammatory fac-
tors mixed in different concentration (1ng/ml IL-
1α + 10ng/ml TNF-α , 5ng/ml IL-1α + 50ng/ml
TNF-α) dramatically increased MMP-2 produc-
tion (b). Statistic analysis was done by ANOVA
method. *Significant difference with respect to
control (p<0.05).

tide as a MMP substrate, which can be used to de-
tect the activity of several MMPs such as MMP-
1, 2, 3, 7, 8, 9, 12, 13 and 14, but with dif-
ferent affinity. It was found that 12% compres-
sion would increase the MMPs activity to 38.9
RFU/min, while the control sample revealed 17.8
RFU/min; 5ng/ml IL-1α can only increase the
MMPs activity to 28.5 RFU/min, while TNF-α
to 58 RFU/min; however, the mixture of two in-
flammatory factors dramatically increased the ac-
tivity to 196.68. The synergistic effect of in-
flammatory factors and compression were not so
sharp as inducing MMP-2, for 12% compression
and 5ng/ml IL-1α to 42.5, 12% compression and
50ng/ml TNF-α to 68.5 RFU/min, and 12% com-
pression and mixture of inflammatory factors to
213 RFU/min (Figure 4).

  Control 

  5ng/ml IL-1

  12% compression 

  5ng/ml IL-1  + 12% compression 

(a)

(b)

Figure 3A: Effects of IL-1α on MMP-2 activities
in synoviocytes under 12% compressions (a) IL-
1α did not have any effect on inducing MMP-2
release, however, mechanical injury had a syner-
gistic effect with IL-1α on inducing MMP-2 in
synoviocytes (b). Statistic analysis was done by
ANOVA method. *Significant difference with re-
spect to control (p<0.05).

4 Discussion

The knee surgery has become increasingly preva-
lent among young and active individuals [23].
The reconstruction for joint tissues like ACL,
meniscus and cartilage cannot fully restore the
function of these bear-weighting connective tis-
sues. In addition, the autologous tissue grafts,
which often represent the current clinical “gold
standard” for the reconstruction of the defects re-
sulting from knee injury, is based on the concept
that a damaged tissue must be replace by like tis-
sue that is healthy. The key drawback of antilo-
gous tissue grafting is donor site trauma and mor-
bidity. Thus, researchers and clinicians have paid
more attention to the reason why the injury of
joint tissues cannot be repaired.

During the tissue injury and repair process, old
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  Control 

  12% compression 

 50ng/ml TNF-

  50ng/ml TNF-  + 12% compression 

  5ng/ml IL-1  + 50ng/ml TNF-  + 12% compression 

(a)

(b)

Figure 3B: Effects of TNF-α on MMP-2 activi-
ties in synoviocytes under 12% compressions (a).
The synergistic effect induced more MMP-2 than
12%compression and TNF-α . Besides, pro-form
MMP-2 converted to active-form (b). Statistic
analysis was done by ANOVA method. *Signifi-
cant difference with respect to control (p<0.05).

ECM molecules are removed and new ECM
molecules are synthesized and deposited. This
protein digestion and synthesis in tissues is an in-
tricately modulated process. Regulation of this
process will greatly affect the ability of ligaments.
The balance between the degradative and biosyn-
thetic arms of tissue remodeling process is con-
trolled by MMPs and their inhibitors (tissue in-
hibitors of metalloproteases, TIMPs). In gen-
eral, during the degradative process of tissue re-
modeling, the influence of MMPs is greater than
TIMPs and the opposite is true in the reparative
process[11]. MMP activity is tightly corrdinated
at different levels including transcriptional regu-
lation, activation of latent zymogen and interac-
tion with endogenous inhibitors and other pro-
teins such as MMPs. It is possible that different
MMPs may be regulated by different factors men-
tioned above via different signal pathways.

We found that MMP-2 production is directly re-
lated to the joint tissue injury. MMP-2, also

termed a gelatinase or type IV collagenase, can
cleave collagens type IV and V, and degrade col-
lagen I and III and denatured collagen of all
types[3]. It appears that two forms (72KD and
62 KD) can carry out the same enzymatic re-
action, but the 72 KD MMP-2 has only about
10% of the activity of the 62 KD MMP-2[6,13].
The activation pathways of 72kD MMP-2 is ini-
tiated by membrane-type-MMPs (MT-MMPs) in-
cluding MT1-MMP[7,12]. At the same time, the
activation and the activity of MMP-2 are critically
dependent on TIMP-1.

It has been reported that ACL fibroblast would
release much more MMP-2 than MCL fibrob-
last, which indicates an intrinsic difference be-
tween different healing abilities. Global MMP
activity assay showed that injured ACL fibrob-
last released almost 20 times more MMP ac-
tivity than injured MCL fibroblast Mechanical
injury induces damage to the tissue matrix di-
rectly or mediated by chondrocytes via expres-
sion of matrix-degrading enzymes and reduction
of biosynthetic activity. The expression of sev-
eral matrix-degradiing enzymes like ADAMTS5
and matrix-metalloproteinases (MMP-1, MMP-2,
MMP-3, MMP-9, and MMP-13) is increased after
injury. Our in vivo model also revealed that ACL,
PCL, cartilage and meniscus contributed differ-
ently to the elevation of MMP-2 elevation in joint
fluids after mechanical injury. Since MMPs are
largely involved in ECM turnover, this may sug-
gest one mechanism by which the knee joint tis-
sue are difficult to repair. The accumulation of
MMP-2 in the joint fluids after injury might dis-
rupt the delicate balance of removing damaged
matrix components with the deposition of newly
synthesized materials.

Synovium plays very important role in regulat-
ing the micro-environment and pathological pro-
cess of joint cavity in RA and OA, in which syn-
ovium released large amount of MMPs and pro-
inflammatory factors. However, there is no re-
port about the role of synovium in the process of
knee joint tissue injury. It is reported that syn-
oviocytes are mechano-sensitive in regulating HA
release and the joint cartilage function [28]. Our
in vivo ACL injury model also revealed that syn-



112 Copyright © 2009 Tech Science Press MCB, vol.7, no.2, pp.105-114, 2009

Figure 4: Fluorescence assay of total MMP activity of conditioned medium from synoviocytes under me-
chanical injury, TNF-alpha, IL-1alpah and the combinations with Global MMPs Activity Assay (mean
levels±SD). Statistical analysis was done by One-way ANOVA method. * Statistical significant differences
with respect to control (P < 0.05).

ovium released much more 72KD MMP-2 than
injured ACL tissue, and most pro-MMP-2 were
converted to 62 KD active form, which indicates
that synvoium might be the major regulator of
micro-environment of joint cavity and plays very
important role in the injury and healing processes
of knee joint tissues. We used an equi-bixial
stretch chamber to study the effect of mechanical
injury on synoviocytes. We found that compres-
sion would increase the production of MMP-2 in
an amplitude dependent manner. Thus, synovium
cannot be ignored in the healing process of knee
joint tissue after injury.

It is well known that in the knee joint fluids the
level of IL-1α , TGF-beta, and TNF-α are all el-
evated [17,19]. These factors may further mod-
ulate the MMP-2 level from joint tissues. We
found that TNF-α can induce the release of 72kD
MMP-2 in synoviocytes and converted it to 62KD
active form while IL-1α cannot. However, the
mixture of these two factors showed synergis-
tic in inducing much more MMP-2 production.
In addition, Global MMP activity assay revealed
that the mixture of these two factors can dramat-
ically elevate the generic MMP activity to about
12 folds. These results revealed that synoviocytes
are very sensitive to inflammatory cytokines in re-
leasing MMPs, the pro-inflammatory factors were
involved in the healing process of knee joint tis-
sues.

In addition, in the real physiological situation,
the mechanical force may exert its effect together
with other factors to induce the injurious cas-

cade. We surprisingly found that mechanical in-
jury have significant synergistic effect with in-
flammatory factors. 12% compression can ele-
vate the expression of pro-MMP-2 and the generic
MMP activities induced by both IL-1α , TNF-α
and their mixture. Thus, we postulate that syn-
voium is sensitive to mechanical injury and in-
flammatory factors, and plays an important role
in regulating the production of MMPs in joint flu-
ids in the real physiological situation and must be
considered seriously.

The promoter region of MMP-2 contains several
specific binding sites for other transcriptional fac-
tors such as Sp1, Sp3, Ap-1, AP-2, cAMP re-
sponse element-binding protein (CREB), PEA3,
C/EBP, Est-2, etc [1,21]. In addition, our re-
sults indicated that the AP-1, JNK and NF-kB
pathways can significantly affect MMP-2 expres-
sion [4,6,10,24]. This may help develop the
MMP inhibitors to block the MMP production
in joint fluids after knee injury. Besides, sev-
eral MMPs molecule inhibitors (MMPi) focused
on petidomimetic compounds containing a termi-
nal zinc-binding group (ZBG), which can strongly
bind to the catalytic zinc (II) ion of MMPs, have
been developed. We believed that intervention of
MMPs production in the joint fluids after knee
injury will be very important in the tissue in-
jury/remodeling processes of human knee.
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