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Abstract: Our study examined the relationship between the levels of matrix metalloproteinases [MMP]-3 and the pathogenesis of
Rheumatoid Arthritis [RA]& among severity of the disease. We employed rigorous inclusion and exclusion criteria in various
bibliographic databases to extract published studies relevant to this investigation. The Revman manager version 5.3 &winpepi version
11.65 software was used for the statistical analysis. A total of 329 studies were initially searched, and 6 studies with 652 RA patients and
658 healthy controls were included in this meta-analysis. Results are represented in terms of Odds ratios [ORs] and 95% confidence
intervals [Cls] to estimate the association between MMP-3 and RA. There was significant association between MMP-3 and RA.
Significance between study heterogeneity existed between mild and severe RA. The meta-analysis results suggested that the levels of
MMP-3 were higher in patients with RA than those in the control group. Subgroup analysis according to severity showed that the levels
of MMP-3 were higher in severe RA than in mild RA. We systematically investigated the association between MMP-3 and RA
susceptibility; however, the results show a correlation among the disease severity &these raised level of MMP-3 associated with the

pathogenesis of RA.
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1. Introduction

Rheumatoid arthritis [RA] is a chronic, serious systemic
autoimmune disease that is primarily characterized by multi-
joint synovitis.Therefore, comprehensive approaches to
assessing joint damage in patients with RA are pivotal for
the early diagnosis and treatment ofRA in clinical settings.™
Rheumatoid arthritis [RA] is characterized by progressive,
erosive and symmetrical polyarthritis associated withvarious
extra-articular manifestations and with variableprognosis,
significant morbidity, functional damage, disability and
increased mortality. It affects approximately 0.5% of the
adult population. The etiology of chronic arthritis has not
been identified, but the pathogenesis of RA has become
somewhat clear. Early characteristics of rheumatoid joints
include neovascularization and proliferation of synovial
tissue, eventuallyresorption of bone is due to the action of
osteoclasts. This Overgrown synovium is a major source of
proinflammatory cytokines as well as proteinases. !

MMPs are a group of zinc-dependent endopeptidases, which
can degrade every component of the extracellular matrix.
The MMP family consists of at least 28 membersand amino
acid sequences of all MMPs have two conserved domains, a
catalytic domain and a prodomain, which are important for
their substrate specificity. Members of the MMP family
have broad substrate specificities, including substrates like
gelatinases,  collagenases,  matrilysins,  stromelysins,
membrane-type MMPs, and metalloelastase.!Generally,
MMPs can degrade any extracellular matrix component,
including proteoglycans, vitronectin, fibronectin, laminin,
and collagens.

MMP-3[stromelysin 1] is the most widely studied member
in RA which is considered to be the main MMP involved in

cartilage degradation. It has broader substrate specificity
with activity against type II, 111, 1V, IX, X, XI collagens,
proteoglycans, fibronectin and laminin. It can also activate
other MMPs such as MMP-1,-2, -9 and -13. PIThey play a
central role not only in many physiological processes but
also in many diseases. Increased activity, caused by either
up-regulation of their expression or down-regulation of their
inhibitors. From a development and disease perspective
these enzymes are crucial during embryonic growth and
reproduction. They have a major role in tumor growth and
metastasis. In the synovial joint, MMPs are mainly secreted
by fibroblasts, macrophages and chondrocytes. The
expression of most MMPs is regulated at the transcription
level by growth factors, hormones, and cytokines. !

The environment factor and genetic participates in
development of disease RA. Recently, research has focused
on the identification of genes that influence the susceptibility
of this disorder. Therefore, analysis and identification of
new genes associated with RA susceptibility is an important
and meaningful challenge.

It has been seen that the serum and synovial fluid levels of
MMP-3 are elevated in early and established RA patients,
and are associated with diseased activity and /or joint
destruction MMPs participate in the maintenance and
remodeling of extracellular matrix [ECM] that is important
for creating cellular environments. These enzymes have the
ability to cleave several constituents of ECM. ]

Recently, a variety of studies have examined the relationship
of the expression of MMP-3 and the pathogenesis of RA.
IMMP-3 levels have been reported to be either correlated
with RA or not related at all to RA. ™ ™ we therefore
conducted a meta-analysis to examine the relationship of
MMP-3 expression and the pathogenesis of RA.

Volume 8 Issue 8, August 2019

WWWw.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20199950

10.21275/ART20199950 223



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
ResearchGate Impact Factor (2018): 0.28 | SJIF (2018): 7.426

2. Material and Methods
2.1 Methods

In order to capture all published studies relevant to MMP-3
in pathogenesis of RA. We performed a comprehensive
search of all electronic database PUBMED, medline,
EBSCO, springer link, Elsevier, National digital library,
Knimbus digital library by using Mesh terms Matrix
Metalloproteinase, MMP-3, Rheumatoid arthritis,
osteoarthritis, serum MMP3, synovial MMP 3, infective
synovitis etc. The bibliographies of related studies were
examined for relevant articles. Manual search of references
from original research or review articles was performed to
identify additional studies. No language and time restrictions
were applied.

Inclusion Criteria

Full articles are retrieved and evaluated by reading the

abstract for their suitability based on following inclusion

criteria

1) Case control study focuses on MMP-3 in rheumatoid
arthritis.

2) All patients should clinically diagnose with RA

3) Detection method is ELISA complete & sufficient data
for estimation of odds ratio and confidence interval 95%

4) Studies were included only from year 2000-2017.
Additionally similar baseline characteristics of the case
group and control group to be determined.

Exclusion criteria

Incomplete data, Studies without control group, improper
diagnostic scales for disease diagnosis were excluded from
study.

Data extraction

The following data were extracted from eligible studies: the
first author's name, year of publication, country of origin,
ethnicity of the studied population, total numbers of cases
and controls , age, gender, study design and sample size,
detection method respectively. The data mainly consisted of
disagreements in data extraction were resolved by a
discussion among researchers.

Statistical Analysis

OR with their confidence interval has been calculated for
each study to asses MMP-3 level in Rheumatoid arthritis.
The significance of the pooled OR was determined by the Z-
test. [P <0.05 was considered representative of statistical
significance]. To assess the differences in MMP-3 levels
between the case group and control group, a standard mean

difference [SMD] and 95% confidence intervals [95%CI]
were calculated with the assistance of fixed- or random-
effect models. A Z test was used to assess the significance of
the pooled effect size. We utilized the Cochran’s Q-statistic
[P < 0.05 indicates significance] and the Itest to assess the
heterogeneity among studies™[Zintzaras and loannidis,
2005b]. The random-effect model was utilized when
evidence of significant heterogeneity was obtained [P < 0.05
or 12 test > 50%]; otherwise, the fixed-effect model was
applied."**IA  sensitivity analysis was performed to
examine the influence of each study on the overall results by
removing the study and re-examining the results. In addition,
a publication bias was tested with the Egger linear
regression test [P < 0.05 indicated significance] together
with asymmetry funnel plots.An estimate of potential
publication bias was carried out by Begg's funnel plot and
Egger's regression test.**JAll of the statistical analyses were
conducted by Revman manager version 5.3 & winpepi
version 11.65 software. Our study also followed the
PRISMA guidelines.!*®!

3. Results

Characteristics of study included
Study selection process is given in Figure No |. Based on
our search strategy.

A total of 329 relevant studies were initially identified by an
electronic database search and subsequent manual searching.
We read the titles and abstracts and excluded 2 studies for
duplicity; 7 studies for being letters, reviews, or meta-
analyses; 4 studies for not examining humans; and 26
studies for being unrelated. 18 studies for effectiveness of
therapy & its influence on MMP level. Furthermore, 17
studies were removed after reading the full text for not being
case-control studies or not involving MMP-3 and RA.
Additionally, 4 studies were excluded for lacking sufficient
information. Finally, a total of 6 case-control studies
[Dominique de Seny2013, Hishashi Yamanaka 2000, Jian-
Da Ma 2014, Ling Zhou 2017, Martina Skacelova 2017,
Takashi Adachi 2013] published between 2000 and 2017
were included in our meta-analysis. These studies included
1330 subjects [652 patients with RA and 658 normal healthy
controls]. The baseline characteristics of the studies included
are listed in Table No. I.

We have also analyzed MMP-3 level in severity of
rheumatoid arthritis. Only 3 studies among 6 had sufficient
information with severity of disease. The detection of serum
MMP-3 levels were performed by using enzyme linked
immunosorbent assay [ELISA] in the all included studies.
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Figure I: PRISMA flow diagram

Table I: Baseline characteristics of all studies in Meta analysis

. Number Gender
First Author Country RA | Control | RA (F/M) | Control (/M) Age | Sample
Dominique de Seny( 2013) Europe 27 35 15/12 20/15 50-64 | Serum
Hishashi Yamanaka (2000) Japan 82 267 NA 173/94 23-72 | Serum
Jian-Da Ma (2014) China 62 5 43/82 NA 48-62 | Serum
Ling Zhou (2017) China 151 43 135/16 23/20 22-72 | Serum
Martina Skacelova (2017) | Czech Republic Europe | 92 26 60/32 13/13 36-66 | Serum
Takashi Adachi (2013) Japan 238 302 200/38 185/34 28-72 | Serum
NA- Not available
Table II: Disease characteristics defined by all studies in Meta Analysis
Study Disease Duration years ESR CRP DAS
Dominique de Seny(2013) | NA NA NA NA
Hishashi Yamanaka (2000) | 11.9+7.4 50.1+25.5 2.8+£3.2 NA
Jian-Da Ma (2014) 315+21 735+ 15 (47-107) | 3.9(1.0-5.6) | 5.5 (4.6-6.3)
Ling Zhou (2017) 6.5+2.5 36.5+ 7.62 12.40+15.01 | 3.82 (2.81-5.63)
Martina Skacelova (2017) 15.66+9.04 18.9+15.5 12.2+16.2 3.74+ 1.7
Takashi Adachi (2013) 13.9+7.2 27+18.7 0.76+0.87 NA

NA- Not available
Quantitative Synthesis

The random-effect model was utilized to analyze for
heterogeneity, which was positive [12 = 60.9%, Ph = 0.018].
The meta-analysis results suggested that the MMP-3 enzyme
levels were markedly and significantly raised in patients
with RA than in control [SMD =101.35 95%CI = 93.21 to
109.49, P = 0.00001][Figure I1]. Significance between-study
heterogeneity existed between RA & control shows results:
I°= 99.7 %, p = 0.000; we used both fixed-effect model and
random-effect model for comparison. Overall, there was
significant association between MMP-3 and RA. The main
results of meta-analysis were shown in Table No.Il.

Meta analysis also revealed that MMP-3 enzyme level is
supposed to be increased as severity of the disease. [SMD
=234.56,95%Cl = 2175 to 251.96, P = 0.00001].
Significance between study heterogeneity existed between
mild and severe RA 1> 98%, P=0.000. We used both fixed-
effect model and random-effect model for comparison.

Overall, there was significant association between severity
of RA and increased MMP-3 level.

Sensitivity analysis & publication bias

Sensitivity analyses were preformed to assess the stability of
the results. The result did not change when a single study
involved in the meta-analysis was deleted each time. The
shapes of the Begg's funnel plots did not reveal any evidence
of obvious asymmetry [Figure No.lll]. Meanwhile, the
results of Egger's regression test still did not provide any
evidence of publication bias [P = 0.523]

A sensitivity analysis revealed that each study in our meta-
analysis had no significant influence on the pooled SMDs of
protein expression of MMP-3 in the RA and control groups
[Figure No.IV]. For the levels of expression of MMP-3,
Begg’s funnel plots revealed some symmetry, and
subsequent Egger’s tests demonstrated the absence of
publication bias in the studies that were included [MMP-3:
P=0.523].
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Figure I1: Forest plots of the associations between the levels of matrix metalloproteinase MMP- 3 Rheumatoid Arthritis.

-

-

Figure 111: Funnel plot to demonstrate the risk of publication biases on the associations between the protein levels MMP-3
and Rheumatoid Arthritis
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Figure 1V: Forest plot of subgroup analysis for levels of MMP-3 in severity of the disease mild & severe RA

4. Discussion

Rheumatoid arthritis [RA] is an autoimmune inflammatory
disease withunknown etiology. It is characterized by
synovial inflammation & hyperplasia, autoantibody
production, cartilage and bone destruction. The clinical
manifestations and outcomes of RA range from mild to
severe polyarthritis with progressive destruction of cartilage
and bone. Much of the destruction in RA is mediated by
abnormal release of matrix metalloproteinase [MMPs] in
synovium stimulated by persistent inflammation.*MMP-
3[stromelysin 1] is considered to be the main MMP involved
in cartilage degradation.

We conducted a comprehensive meta-analysis of selected
published studies to investigate the association between the
levels of MMP-3 in pathogenesis of RA. Our major finding
was that the increased levels of MMP-3 in RA might
accelerate the pathogenesis of the disease, and this
relationship has been neglected clinically. Our study also
reveals association of MMP 3 with disease severity. Few of
earlier work shows that joint damage in RA are a result of

active synovitis also inflammatory markers can also be
predictors of joint destruction. The CRP level, ESR, and
their time-integrated values have been reported to predict the
progression of joint destruction in early RA [**'*%]. In this
study, the concentration of serum MMP-3 showed a positive
correlation with the CRP level and the ESR in both early and
long-term RA.

Kazuko Shiozawa et al suggested that serum MMP-3 levels
alone are a crude reflection of disease progression Y, they
presumably reflect the levels of other joint-destroying
MMPs as well, as for example shown in the collagen-
induced arthritis model in mice.”??These may explain serum
MMP-3 determined by ROC curve analysis is negatively
correlated with later radiographic evidence of progression in
the study.

It has also been observed by group of researchers that effect
of treatment and decrease in serum MMP-3 level. MMP-3 is
a marker that reflects inflammation of the synovium, and is
thus directly linked to disease activity.
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Since MMP-3 level is known to decrease aftereffective
treatment, which reflects treatment response. Another study
found that continuously elevated serum MMP-3 may predict
evident progression of radiographic damage over 1 year in
patients treated with various DMARDSs using a treat-to-
target protocol. %

But there are also evidences with contradictory results
Serum MMP-3 was significantly elevated both in patients
with early RA and in those with long-term RA compared
with the healthy controls.*IThus, elevation of the serum
MMP-3 level is closely associated with RA, but it would not
be an early marker in the course of RAprogression. Indeed
serum MMP-3 levels were also elevated in advanced RA
with severe joint damage.

Conversely, no significant difference in serum MMP-3
levels was observed between RA patients classified as high
or low eroders, nor did SF MMP-3 levels correlate with the
Larsen score.?!

In one of the study, they have found an additive effect of the
6A allele on increasing level of serum MMP-3, no
significant effect of the polymorphism was found on the
disease activity or severity of RA in Japanese population.®?®
These serum MMP profiles can be used to distinguish
advanced OA & RA from early OA &control, and even
between synovial fluid samples from OA and RA joints.
Although this methodology cannot be used for the diagnosis
of early OA, high throughput multiplex technology of
MMPs and TIMPs in synovial fluid mayuseful in
determining the severity of the disease state. *'MMP profile
might also quantify the response of individuals to disease
interventions.

MMP-3 production is increased in joint synovitis and is
continually produced even in noninflamed .This is one
reason why our marker correlated well with disease activity.
In addition, MMP-3 expression is relatively restricted within
the joint and partly leaks into the serum. Thus, it might be
possible to directly determine inflammation at local lesions
without an effect of any other influences.

There were a few limitations in the present meta-analysis.
First, lack of confidence in the overall results due to the
sample sizes in the enrolled studies was comparatively
small. Secondly, the absence of some data in the published
studies that were examined may limit the validity of our
results. Thus, together with the retrieval and manual
selection method, these limitations may have impacted the
accuracy of the results by likely missing the more detailed
studies. Our meta-analysis included data from Caucasian and
Asian, thus our study should be optimized by larger scale of
populations. Lack of the original data of available studies
limited our further evaluation of potential interactions, such
as age, gender, environmental factors, and DAS&VAS
scores. Forth, due to different assessment methods of joints
destruction, we did not investigate the association between
MMP-3 level and RA severity of all included studies.

Although we conducted sensitivity analysis, the
heterogeneity was still observed. Finally, some inevitable
publication bias may exist in the results, although neither the

Begg's funnel plots nor Egger's regression test indicated
obvious publication bias in our meta-analysis.
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