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Original Article
Matrix metalloproteinase-3 and -9: possible biomarkers
of infliximab efficacy in ankylosing spondylitis (AS)?
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Abstract: Objective: To investigate the concentration of serum Matrix Metalloproteinase (MMP)-3 and -9 in active
ankylosing spondylitis (AS) during infliximab treatment and to evaluate whether MMP-3 and MMP-9 were associated
with clinical measures of disease activity and function in AS. Method: Baseline and sequential serum MMP-3 and
MMP-9 were examined at week 12 of infliximab treatment in 44 AS patients. The clinical sores were evaluated by
ASDAS, BASFI, BASMI, ESR and CRP. The paired T-test and Spearman correlation analysis were used for statistic
analysis. Results: @ Serum MMP-3 and MMP-9 and clinical scores including ASDAS, BASFI, BASMI, ESR and CRP of
44 AS patients significantly decreased when they were treated with infliximab for 12 weeks (P<0.05). @ AS with pe-
ripheral arthritis (PA) patients had higher MMP-3 level than AS without PA patients (P<0.01). Contrastly, AS without
PA patients had higher MMP-9 level (P<0.05). ® The association was found between MMP-3 and ESR, CRP, ASDAS
and BASFI (P<0.01), and MMP-9 was associated with CRP, ASDAS, BASFI and BASMI (P<0.05). @ After 12 weeks,
the decrease of MMP-3 was associated with the improvement of ASDAS, BASFI, ESR, CRP, but not with BASMI. The
decline of MMP-9 was correlated with the improvement of ASDAS, BASMI and CRP. & There were thirty-seven
responders and seven non-responders according to the improvement of ASDAS criteria at week 12 after infliximab
infusion. Responders have higher baseline serum MMP-3 than that of non-responders (P<0.01), but not MMP-9.
Conclusions: Serum MMP-3 and MMP-9 decreased significantly in active AS patients during infliximab therapy and
their decline was associated with the improvement of clinical syndromes. Infliximab responders have higher base-
line serum MMP-3 not MMP-9 level than that in infliximab non-responders.
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Introduction self-evaluation by the patients. Therefore, the

analysis of serum biomarkers reflecting inflam-

Ankylosing spondylitis (AS) is characterized by
inflammatory spinal pain and occasionally by
peripheral joint and entheses swelling [1]. The
pain and its resultant impaired function often
affect their daily life and work. It always comes
back and forth, sometimes resulting in disabili-
ty. Although genetic factors are important in the
disease development [2], there is still no any
biomarker to predict what kind of patients will
suffer severe disease [3]. The blood tests cur-
rently used in clinical practice are the two acute
phase reactants, erythrocyte sedimentation
rate (ESR) and C-reactive protein (CRP), which
correlate weakly with disease activity in AS and
can't fully reflect the disease process [4], so
their value in clinical trials is limited. In addi-
tion, these clinical evaluations, such as ASDAS,
BASDAI and BASFI, rely mostly on subjective

mation, bone destruction, and new bone forma-
tion could be helpful to predict disease activity
more objectively.

MMPs participate in extracellular matrix (ECM)
degradation by cleavage of ECM constituents
such as collagens and proteoglycans. All the
MMP-derived collagen biomarkers significantly
elevated in AS patients compared with age-
matched controls [5]. To date, more than 20
MMPs have been recognized in inflammatory
arthritis [6]. Some researches stained for MMP-
3, MMP-9 in the synovial lining and sublining
layers and showed a cellular and interstitial pat-
tern that was similar both RA and SpA [7, 8], but
a more pronounced staining for MMP-3 in the
sublining layer than in the lining layer, and a
more pronounced peri- and intravascular stain-
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ing for MMP-9. Involvement of MMPs in SpA
synovitis was suggested by the correlation with
cellular infiltration, vascularization, and carti-
lage degradation. Using microarray as a scre-
ening strategy in SpA synovitis, they also found
the synovial down-regulation of MMP-3 and
MMP-9 in almost all infiltrating cell types
after infliximab treatment [7] or etanercept [8].
Recent publications suggest that MMP-3 is
closely related to inflammation and high dis-
ease activity in AS [9-11]. In addition, serum
concentration of MMP-3 in AS is a possible
prognostic indicator of radiological progression
[12]. MMP-9 is also the mediator of joint
destruction, but additionally has a particular
role in angiogenesis [13]. Therefore, the change
of serum MMP-3 and MMP-9 may be biomark-
ers for disease activity of AS patients.

Several placebo-controlled studies have shown
that the clinical symptoms, but not in all AS
patients, respond very significantly to treat-
ment with TNFa blockers such as infliximab
[14]. However, these TNFa blockers are very
costly and their uses are not supported by
health providers in China. If there are more
objective predictors available, physicians could
rapidly and reliably distinguish well from poor
responders. So MMP-3 and MMP-9 are impor-
tant inflammatory factors in the pathological
mechanism of SpA patients. However, whether
MMP-3 and MMP-9 could predict the disease
activity of AS or response to the treatment
remains unclear.

Materials and methods
Patients

Patients with AS (n=44) were recruited from
the rheumatology departments of lihuli hos-
pital in Ningbo. Patients invited to take part in
the study were over 18 years of age, had AS
according to the modified New York criteria
[15]. The majority of patients had been on a
stable dose of nonsteroidal anti-inflammatory
drugs for at least the previous 4 weeks. All
Patients were in the active stage (ASDAS>1.3)
and none of them were on anti-TNF therapy,
systemic steroid use in the previous 3 months
or bisphosphonates in the previous 6 months.
Infliximab i.v. was administrated by intrave-
nous infusion at a dose 3 mg/kg at the
baseline, then at 2 weeks, 6 weeks and 12
weeks.
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The patients were informed about the rese-
arch study, and signed an informed consent.
The study was approved by the Ethical
Committee of the Lihuili hospital of Ningbo.

Clinical outcome and laboratory methods

All patients underwent general physical exami-
nation and routine blood test at baseline and
12 weeks after the initial treatment. The fol-
lowing clinical scores were obtained at base-
line and 12 weeks follow-up visit: 1) The
Ankylosing Spondylitis Disease Activity Score
(ASDAS) [16], which includes five components:
patient global assessment, back pain, periph-
eral pain and swelling, duration of morning
stiff and ESR, which is a measure of axial
spondyloarthritis (SpA) disease activity and
better than the Bath ankylosing spondylitis
disease activity index (BASDAI) [17]. 2) The
Bath Ankylosing Spondylitis Functional Index
(BASFI) [18] is used to assess the functional
capacity. This self-assessment instrument
was designed by a team of medical profes-
sionals and patients, and it consists of eight
specific questions regarding physical func-
tion in AS and two questions reflecting the
patient’s ability to cope with everyday life. 3)
The Bath Ankylosing Spondylitis Metrology
Index (BASMI) [19] is a quantitative, physician
assessed measure of the spinal mobility
limitations experienced by a patient with AS.
BASMI is a validated index consisting of five
clinical measurements including cervical rota-
tion, tragus-to-wall distance, lateral spine flex-
ion, lumbar flexion and intermalleolar distance,
which reflects axial segmental involvement.
Response to treatment at week 12 was defi-
ned by the improvement of ASDAS [16]. Sele-
cted cut-offs for improvement were: change
>1.1 units for clinically important improvement
and change >2.0 units for major improvement.
So response criteria are defined as follows:
Responders: Cut-off >21.1 units. Non-respon-
ders: Cut-off <1.1 units. With respect to joint
distribution, patients were categorized into AS
with peripheral arthritis (PA) and AS without
peripheral arthritisaxial (i.e., disease confined
to the spine and hips).

At baseline and week 12, the blood sample
was drawn immediately before the infusion of
infliximab was initiated and then centrifuged;
the supernatants were harvested, and frozen
at -70°C until assays were performed. Serum

Int J Clin Exp Med 2017;10(3):4714-4722



Matrix metalloproteinase-3 ankylosing spondylitis

Table 1. MMP-3, MMP-9 concentrations and clinical
scores at baseline and week 12 in patients with AS
treated by infliximab, All values are expressed as mean

+SD

Baseline At week 12 P value
MMP-3 (pg/ml) 688.23 + 344.96 269.71 + 200.27 <0.01
MMP-9 (pg/ml) 535.81 + 402.38 204.69 + 149.64 <0.01
ASDAS 2.56 + 0.69 0.94 +0.55 <0.01
BASFI 3.98 +2.01 1.51 +1.04
BASMI 4.059 + 2.30 1.94 + 1.57
ESR (mm/h) 45.68 + 25.54 13.35+6.71
CRP (mg/dl) 29.22 + 19.8 12.16 + 7.81

week 12 were significantly lower in the
patients treated with infliximab as com-
pared to the results before the treat-
ment (Table 1).

Baseline serum MMP-3 and MMP-9 dif-
ference between AS with peripheral ar-
thritis (PA) and AS without PA patients

<0.01 There were 25 AS patients with PA and
<0.05 19 AS patients without PA. There was a
<0.01 difference in MMP-3, MMP-9 between
<0.01 the two groups at baseline. AS with PA

MMP-3 and MMP-9 were measured by com-
mercially available enzyme-linked immunosor-
bent assay (ELISA) kits: Quantikine® Human
Total MMP-3 Immunoassay (R&D Systems,
Minneapolis, MN) and Quantikine® Human
MMP-9 Immunoassay (R&D Systems, Minne-
apolis, MN). Analysis was performed in accor-
dance with the instructions of the manufac-
turers. The ESR and the CRP level were mea-
sured by the Westergren method and by neph-
elometry, respectively.

Statistical analysis

Statistical analysis was performed using SPSS
software for Windows version 12.0. All values
are given as median and mean = SD. Differ-
ences in biomarker values between baseline
and each time point after treatment were ana-
lyzed using paired t-tests. Correlations betw-
een clinical variables, laboratory values, and
MMP3, MMP-9 were conducted by Spearman
correlation test. P values less than 0.05 were
considered significant.

Results

Serum MMP-3, MMP-9 concentrations and
clinical scores at baseline and week 12 after
infliximab treatment

In our study, the serum MMP-3 and MMP-9 at
baseline were 688.23 + 344.96 pg/ml and
535.81 + 402.38 pg/ml, respectively, and then
they declined to 269.71 + 200.27 pg/ml and
204.69 = 149.64 pg/ml at 12 weeks after
infliximab treatment. The decline was statisti-
cally significant (P<0.01). Meanwhile, the levels
of ASDAS (P<0.05), BASFI (P<0.01), BASMI
(P<0.01), ESR (P<0.01), and CRP (P<0.01) at
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patients had higher MMP-3 level than
AS without PA patients (P<0.01). Cont-
rastly, AS without PA patients had higher
MMP-9 level (P<0.05). Need to put out that
there were discriminating clinical measures
of CRP or ESR between AS with PA and AS
without PA at baseline (P<0.05) (Figure 1).

Association between concentrations of MMP-
3, MMP-9 and clinical scores at baseline

There was a strong correlation between base-
line MMP-3 and ASDAS (Figure 2A), BASFI
(Figure 2B), ESR (Figure 2D), CRP (Figure 2E)
respectively (P<0.01) in active AS patient. In
contrast, baseline MMP-3 didn’t correlate with
BASMI (Figure 2C) (P=0.07). The concentration
of MMP-9 correlated with ASDAS (Figure 2F),
BASFI (Figure 2G), BASMI (Figure 2H) and CRP
(Figure 2I), but not with ESR in the baseline.

Correlation between decrease of MMP-3,
MMP-9 and the improvement of clinical scores
at 12 week during infliximab treatment

The decrease of MMP-3 was correlated with
the improvement of ASDAS (Figure 3A), BASFI
(Figure 3B), CRP (Figure 3D), ESR (Figure 3E),
but not with the improvement of BASMI (Figure
3C). The decrease of MMP-9 was correlated
with the improvement of ASDAS (Figure 3F),
BASMI (Figure 3H), CRP (Figure 3l), but not with
the improvement of BASFI (Figure 3G) and ESR
(Figure 3).

Baseline serum MMP-3 and MMP-9 differenc-
es between responders and non-responders to
infliximab therapy

The mean ASDAS score was 2.56 at baseline

including 9 patients in moderate disease activ-
ity, 21 patients in high disease activity and 4
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Figure 1. Baseline serum MMP-3 and MMP-9 difference between AS with PA and AS without PA patients.
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Figure 2. Correlations between MMP-3, MMP-9 and clinical scores in the 44 AS patients. Data were log-transformed,
and the correlations were calculated using Spearman’s correlation test.

4717

Int J Clin Exp Med 2017;10(3):4714-4722



Matrix metalloproteinase-3 ankylosing spondylitis

A B C
- r-0.3717 8 r=0.3061 &7 r-0.1693
po0.0065 p-0.0217 p0.1360
6
= . e . .
m
24 Tes
‘e “w we s
0.0 T T ) T T T 1 0 T T T 1
0 500 1000 1500 0 300 600 9200 1200 300 600 900 1200
AMMP3(pg/ml) AMMP3(pg/ml) AMMP3(pg/ml)
D E 100- r=0.7211 F
60+ r=0.5204 p<0.0001 . 2.5 r=0.2931
p-0.0001 g .. p-0.0268
-
T 40 %
E E
= 4
5 7
' =
= 2 <
0.5
0 T J T T ) 0.0 T T T 1
0 300 600 900 1200 0 500 1000 1500 0 500 1000 1500 2000
AMMP3(pg/ml) AMMP3(pg/ml) AMMP9(pg/ml)
G H &0 r=0.5290 I -
8- ~ p-0.0001 r=0.3705
r=0.1543 p=0.0067
p=0.1587 - 64 -
6 = -
_ 5 En = s =
® = 24
4, = < “ e e
o : & ] s 8 ® .
a [T - Q <
. 0 < 2 = .
- 5 o o
R . [
0 T T T 1 0 T T . 0 T T T 1
0 500 1000 1500 2000 0 300 900 1200 0 300 600 900 1200

AMMP9(pg/ml)

AMMP9(pg/ml)

AMMP9(pg/ml)

Figure 3. Correlations between decrease of MMP-3, MMP-9 and the improvement of clinical scores at 12 week
after infliximab treatment in 44 AS patients. Data were log-transformed, and the correlations were calculated using

Spearman’s correlation test.
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Figure 4. Baseline serum MMP-3 and MMP-9 differences between responders and non-responders to infliximab

therapy.

patients in very high disease activity. At week
12 after infliximab infusion, the mean ASDAS
score declined to 0.92, including 26 inactive
patients, 16 moderate patients and 2 high
disease activity patients. There were thirty-
seven responders and seven non-responders
according to the improvement of ASDAS cri-
teria. Both responders and non-responders
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were of similar age (26.2 £ 7.1 and 28.3 + 5.5,
respectively). Responders had a numerical
shorter mean disease duration (40 + 9.2 mon-
ths) than non-responders (56 + 11.4 months),
which approached statistical significance (P=
0.04). There was no difference in the use of
either NSAIDs or disease modifying antirheu-
matic drugs (DMARDSs) between the two groups.

Int J Clin Exp Med 2017;10(3):4714-4722
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Furthermore, there were no discriminating clini-
cal measures of disease activity or function
between responders and non-responders at
baseline. There was a difference in MMP-3
between the two groups at baseline, with
responders having higher MMP-3 levels than
non-responders (P<0.01) (Figure 4).

ROC curve analysis showed that both MMP-3
andMMP-9 were of good specificity and se-
nsitivity. There were no significant differe-
nce between these two indicators (Figure 5,
P=0.58).

Discussion

In this study, we investigate serum MMP-3
and MMP-9 as biomarkers for disease activity
in Chinese AS patients during Infliximab tre-
atment. We also evaluate the association
between MMPs and the clinical scores. Our
results showed the concentration of MMP-3,
MMP-9 in serum statistically significant dec-
rease during infliximab treatment. Since some
researchers found that the serum MMP-3,
MMP-9 was higher in AS than normal, the
increased MMPs in synovial membrane, fluid
and blood may mirror the inflammatory proc-
ess [7, 8], we didn’'t enroll the normal control.
Meantime, our results showed that the basic
serum MMP-3, MMP-9 and the decrease of
two biomarks were correlated with ASDAS. The
decrease of MMPs with effective treatment
was strong associated with ASDAS, which
reflected the disease activity. Other studies
also have suggested that serum MMP-3 is
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tion with synovial inflammatory infil-
tration than with systemic inflam-
matory parameters such as the
CRP level and ESR [20].

We have a consistent result that serum MMP-3,
MMP-9 increased for the active AS, but if they
are the biomarkers to predict the severity and
effectiveness in response to TNF antagonists.
Our results showed that the decrease of MMPs
was strong associated with ASDAS, CRP, ESR
and good responders had higher MMP-3, A
number of studies have shown that MMP-3
level reduced in response to TNF antagonists
[12, 20, 21, 22]. Infliximab infusions led to
rapid and significant suppression of serum
MMP-3 levels, if serum MMP-3 levels did not
distinguish responders from non-responders?
Related researchers were few. A recent study
also noted that the change of serum MMP-3
level from baseline to 3 months in predicting
response was poor for ASAS40 or moderate for
ASAS20, and was not superior to the predicting
value of change in the currently used objective
biomarkers [21]. MMP-3 values as a marker of
response is debatable.

The debate on MMP-3 predicting value may
reflect differences in the patient groups since it
has also been suggested that MMP-3 level was
higher in patients with peripheral arthritis than
those with axial disease only [21-23], although
this has not always been observed [12]. Our
data showed that AS patients with PA having
higher MMP-3 level than AS patients without
PA, but we did not analyze the correlation
between MMP-3 level and the presence of
peripheral arthritis in this study because there
were discriminating differences of clinical
scores between those with axial involvement
only (i.e., disease confined to the spine and

Int J Clin Exp Med 2017;10(3):4714-4722
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hips) and those with both axial and peripheral
involvement at baseline. (Data is not shown).
This may reflect differences in the patient
groups since it has also been suggested that
MMP-3 levels are higher in patients with periph-
eral arthritis than those with axial disease only
[16, 18, 19], although this has not always been
observed [23].

Besides MMP-3 and MMP-9 were related with
the disease activity score and function, their
decreases were significantly correlated with
the changing of most clinical scores. Moreover,
we found that patients who responded to inflix-
imab as defined by the improvement of ASDAS
criteria have higher levels of MMP-3 level
before treatment than non-responders. The
level of MMP-9 at baseline did not differ signifi-
cantly between responders and non-respond-
ers. Accordingly, MMP-3 may be a better bio-
marker to monitor AS activity and may be an
efficacy predictor of infliximab.

We also had noted that the concentration of
MMP-9 was associated with ASDAS and
declined with the improvement of ASDAS,
which was similar with MMP-3. This indicated
that the level of MMP-9 is also associated with
the disease activity in AS. According to our
results, it seemed that there were some
differences between MMP-3 and MMP-9. The
association with a component consisting of
MMP-3 and MMP-9 were found with BASFI
and only MMP-9 was associated with BASMI.
At week 12, the decrease of MMP-3 had rel-
ated with the improvement of BASFI, but not
BASMI. MMP-9 was closely related to BASMI in
early response to infliximab treatment. BASMI
was adopted to assess the flexibility of spine.
We also found that AS without peripheral art-
hritis have higher MMP-9 levels. AS without
peripheral arthritis means axial AS in this
study. So we suggested that MMP-9 may show
the inflammation and function of spine.

MMP-9 in particular has been shown to deg-
rade extracellular matrix, initiate and promote
new vessel formation [24]. Angiogenesis plays
a central role in diseases simultaneously
occurred with bone formation. During forma-
tion of bone from cartilage or enchondral oss-
ification, invasion of the cartilage by new
blood vessels precedes osteoblastic trans-
formation and ossification. Angiogenesis is
also involved in the pathogenesis of SpA.
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Chondrocytes and osteoblasts can produce
angiogenic factors such as VEGF [25], which
has been isolated from the joints of AS patie-
nts [26]. Serum VEGF levels were correlated
strongly with clinical and laboratory indices
of disease activity of SpA. Serum VEGF was a
potential value for monitoring disease activity
and treatment response in SpA patients [25,
27]. VEGF treatment also accelerates smooth
muscle cell migration through synthetic bar-
riers, and this response is blocked by MMP
inhibition, suggesting that this action is medi-
ated via up-regulation of MMPs [28].

There was a similar conclusion [11] that a pro-
file consisting of high levels of MMP-8 and
MMP-9 is associated with increased disease
activity in AS, rather than MMP-3 levels.
Therefore, we conclude that MMP-9 was asso-
ciated with axial AS.

Conclusion

Infliximab has a fast onset as an advantage.
This research has shown that a profile con-
sisting of high levels of MMP-3 and 9 was
associated with increased clinical scores in
active AS patients and those they decreased
with the improvement of clinical syndromes
during infliximab therapy. MMP-3 and MMP-9
could reflect the change of disease in the
early response, so they can be used as the
biomarkers to evaluate disease activity and
response. Further studies with larger numbers
of patients are necessary to perform a mult-
iple logistic regression analysis in order to
determine if these variables are true predi-
ctors of response to infliximab.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Jian Ding, Depart-
ment of Rheumatology, Ningbo Medical Treatment
Center Lihuili Hospital, No. 57 Xingning Road,
Jiangdong District, Ningbo 315040, Zhejiang
Province, China. Tel: +86+0574-87371204; E-mail:
dingjdj@126.com

References
[1] Sieper J, Rudwaleit M, Khan MA and Braun J.
Concepts and epidemiology of spondyloarthri-

tis. Best Pract Res Clin Rheumatol 2006; 20:
401-417.

Int J Clin Exp Med 2017;10(3):4714-4722


mailto:dingjdj@126.com

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

4721

Matrix metalloproteinase-3 ankylosing spondylitis

Hamersma J, Cardon LR, Bradbury L, Brophy S,
van der Horst-Bruinsma I, Calin A and Brown
MA. Is disease severity in ankylosing spondyli-
tis genetically determined? Arthritis Rheum
2001; 44: 1396-1400.

Reveille JD. Biomarkers for diagnosis, monitor-
ing of progression, and treatment responses in
ankylosing spondylitis and axial spondyloar-
thritis. Clin Rheumatol 2015; 34: 1009-1018.
Ruof J and Stucki G. Validity aspects of erythro-
cyte sedimentation rate and C-reactive protein
in ankylosing spondylitis: a literature review. J
Rheumatol 1999; 26: 966-970.

Bay-Jensen AC, Leeming DJ, Kleyer A, Veidal
SS, Schett G and Karsdal MA. Ankylosing spon-
dylitis is characterized by an increased turn-
over of several different metalloproteinase-de-
rived collagen species: a cross-sectional study.
Rheumatolint 2012; 32: 3565-3572.

Visse R and Nagase H. Matrix metalloprotein-
ases and tissue inhibitors of metalloproteinas-
es: structure, function, and biochemistry. Circ
Res 2003; 92: 827-839.

Vandooren B, Kruithof E, Yu DT, Rihl M, Gu J,
De Rycke L, Van Den Bosch F, Veys EM, De Key-
ser F and Baeten D. Involvement of matrix me-
talloproteinases and their inhibitors in periph-
eral synovitis and down-regulation by tumor
necrosis factor alpha blockade in spondylar-
thropathy. Arthritis Rheum 2004; 50: 2942-
2953.

Kruithof E, De Rycke L, Roth J, Mielants H, Van
den Bosch F, De Keyser F, Veys EM and Baeten
D. Immunomodulatory effects of etanercept
on peripheral joint synovitis in the spondylar-
thropathies. Arthritis Rheum 2005; 52: 3898-
3909.

Chen CH, Lin KC, Yu DT, Yang C, Huang F, Chen
HA, Liang TH, Liao HT, Tsai CY, Wei JC and Chou
CT. Serum matrix metalloproteinases and tis-
sue inhibitors of metalloproteinases in anky-
losing spondylitis: MMP-3 is a reproducibly
sensitive and specific biomarker of disease
activity. Rheumatology (Oxford) 2006; 45: 414-
420.

Maksymowych WP, Poole AR, Hiebert L, Webb
A, lonescu M, Lobanok T, King L and Davis JC
Jr. Etanercept exerts beneficial effects on ar-
ticular cartilage biomarkers of degradation
and turnover in patients with ankylosing spon-
dylitis. J Rheumatol 2005; 32: 1911-1917.
Mattey DL, Packham JC, Nixon NB, Coates L,
Creamer P, Hailwood S, Taylor GJ and Bhalla
AK. Association of cytokine and matrix metal-
loproteinase profiles with disease activity and
function in ankylosing spondylitis. Arthritis Res
Ther 2012; 28: R127.

Maksymowych WP, Landewé R, Conner-Spady
B, Dougados M, Mielants H, van der Tempel H,

(14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

[22]

Poole AR, Wang N and van der Heijde D. Serum
matrix metalloproteinase 3 is an independent
predictor of structural damage progression in
patients with ankylosing spondylitis. Arthritis
Rheum 2007; 56: 1846-1853.

Pepper MS. Role of the matrix metalloprotein-
ase and plasminogen activator-plasmin sys-
tems in angiogenesis. Arterioscler Thromb
Vasc Biol 2001; 21: 1104-1117.

McLeod C, Bagust A, Boland A, Dagenais P,
Dickson R, Dundar Y, Hill RA, Jones A, Mujica-
Mota R and Walley T. Adalimumab, etanercept
and infliximab for the treatment of ankylosing
spondylitis: a systematic review and economic
evaluation. Health Technol Assess 2007; 11:
1-158.

Van der Linden S, Valkenburg HA and Cats A.
Evaluation of diagnostic criteria for ankylosing
spondylitis: a proposal for modification of the
New York criteria. Arthritis Rheum 1984; 27:
361-368.

Pedro Machado and De sire e van der Heijde.
How to measure disease activity in axial spon-
dyloarthritis? Curr Opin Rheumatol 2011; 23:
339-345.

Stone MA, Payne U and Pacheco-Tena C. Is it
time to replace BASDAI with ASDAS? Nat Rev
Rheumatol 2013; 9: 388-390.

Calin A, Garrett S, Whitelock H, Kennedy LG,
O’Hea J, Mallorie P and Jenkinson T. A new
approach to functional ability in ankylosing
spondylitis: the bath ankylosing spondylitis
functional index. J Rheumatol 1994; 21: 2281-
2285.

Enkinson TR, Mallorie PA, Whitelock HC, Ken-
nedy LG, Garrett SL and Calin A. Defining spi-
nal mobility in ankylosing spondylitis (AS). The
Bath AS Metrology Index. J Rheumatol 1994,
21: 1694-1698.

Yang CH, Huang F, Deng XH, Zhang JL, Zhang
LY, Guo JH, Liang DF, Wang LS and Zhang YM.
Effects of infliximab and etanercept, two types
of anti-tumor necrosis factor-alpha inhibitor on
serum level of matrix metalloproteinase 3 ex-
pression in patients with ankylosing spondyli-
tis. Zhonghua Yi Xue Za Zhi 2006; 86: 2451-
2454,

Arends S, van der Veer E, Groen H, Houtman
PM, Jansen TL, Leijsma MK, Bijzet J, Limburg
PC, Kallenberg CG, Spoorenberg A and Brouw-
er E. Serum MMP-3 level as a biomarker for
monitoring and predicting response to etaner-
cept treatment in ankylosing spondylitis. J
Rheumatol 2011; 38: 1644-1650.
Romero-Sanchez C, Robinson WH, Tomooka
BH, Londono J, Valle-Onate R, Huang F, Deng X,
Zhang L, Yang C and Yu DT. Identification of
acute phase reactants and cytokines useful for
monitoring infliximab therapy in ankylosing

Int J Clin Exp Med 2017;10(3):4714-4722



(23]

(24]

[25]

[26]

4722

Matrix metalloproteinase-3 ankylosing spondylitis

spondylitis. Clin Rheumatol 2008; 27: 1429-
1435.

Chen CH, Lin KC, Yu DT, Yang C, Huang F, Chen
HA, Liang TH, Liao HT, Tsai CY, Wei JC and Chou
CT. Serum matrix metalloproteinases and tis-
sue inhibitors of metalloproteinases in anky-
losing spondylitis: MMP-3 is a reproducibly
sensitive and specific biomarker of disease
activity. Rheumatology 2006; 45: 414-420.
Sang QX. Complex role of matrix metallopro-
teinases in angiogenesis. Cell Res 1998; 8:
171-177.

Drouart M, Saas P, Billot M, Cedoz JP, Ti-
berghien P, Wendling D and Toussirot E. High
serum vascular endothelial growth factor cor-
relates with disease activity of spondylarthrop-
athies. Clin Exp Immunol 2003; 132: 158-162.
Seo JS, Lee SS, Kim SI, Ryu WH, Sa KH, Kim
SU, Han SW, Nam EJ, Park JY, Lee WK, Kim SY
and Kang YM. Influence of VEGF gene polymor-
phisms on the severity of ankylosing spondyli-
tis. Rheumatology (Oxford) 2005; 44: 1299-
1302.

(27]

(28]

Pedersen SJ, Hetland ML, Sgrensen 1J, Oster-
gaard M, Nielsen HJ and Johansen JS. Circulat-
ing levels of interleukin-6, vascular endothelial
growth factor, YKL-40, matrix metalloprotein-
ase-3, and total aggrecan in spondyloarthritis
patients during 3 years of treatment with TNFa
inhibitors. Clin Rheumatol 2010; 29: 1301-
1309.

Fraser A, Fearon U, Reece R, Emery P and
Veale DJ. Matrix metalloproteinase 9, apopto-
sis, and vascular morphology in early arthritis.
Arthritis Rheum 2001; 44: 2024-2028.

Int J Clin Exp Med 2017;10(3):4714-4722



