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ABSTRACT
Background: The aetiology of ankylosing spondylitis (AS)
remains unclear. Inflammation progresses to fibrosis and
calcification of the spine and sacroiliac joints in AS
development. Fibrosis results from excessive accumula-
tions of the extracellular matrix (ECM). ECM turnover
depends on the balance between matrix metalloprotein-
ases (MMPs) and their tissue inhibitors (TIMPs).
Objective: To evaluate the effects of the MMP-3 -1171
and TIMP-1 372 T.C polymorphisms on the modified risk
of AS.
Methods: Genotypes of 241 patients with AS and 241
controls were identified by PCR. Disease activity and
functional status were assessed by the Bath Ankylosing
Spondylitis Activity Index (BASDAI), the Bath Ankylosing
Spondylitis Functional Index (BASFI) and the Bath
Ankylosing Spondylitis Global (BAS-G) Score.
Results: MMP-3 6A/6A carriers had a 2.41-fold (95%
confidence interval (CI) 1.55 to 3.74) increased risk of AS
compared with 6A/5A and 5A/5A carriers. TIMP-1 C
alleles had a greater risk of AS, but this was not
significant (odds ratio (OR) = 1.28, 95% CI 0.92 to 1.77).
Pairwise analysis of the MMP-3/TIMP-1 alleles showed
that 6A/C (OR = 3.23, 95% CI 1.50 to 6.95) and 6A/T
(OR = 2.55, 95% CI 1.17 to 5.54) had a significantly
greater risk of AS than the 5A/T alleles. After adjustment
for the effects of age, gender and disease duration, the
MMP-3/TIMP-1 5A/T alleles had the lowest BASDAI
(p = 0.02), BASFI (p = 0.05) and BAS-G (p = 0.02)
among all MMP-3/TIMP-1 alleles.
Conclusion: The findings highlight the importance of the
MMP-3 and TIMP-1 genes as crucial elements in AS
development.

Ankylosing spondylitis (AS) is characterised by
chronic inflammation of the sacroiliac joints and
the vertebral column.1 AS ultimately limits the
mobility of the spine and other joints, leading to
increasing functional impairment.2 Men are
affected more frequently than women,1 and the
aetiology of AS remains unclear, though heritabil-
ity has a major role. Twin studies suggest that up
to 97% of AS susceptibility is attributable to
genetic factors.3 Some have suggested an associa-
tion between AS and the major histocompatibility
complex (MHC), including HLA-B27.4 However,
non-MHC genes may account for at least 50% of
the genetic variability seen in AS.5

Inflammatory processes gradually lead to fibrosis
and calcification of the spine and sacroiliac joints
during the development of AS.6 7 The fibrosis is

caused by an excessive accumulation of extracel-
lular matrix (ECM). AS pathogenesis is addition-
ally mediated by cytokines, chemokines and factors
that degrade ECM and its components.8 Matrix
metalloproteinases (MMPs) are the major enzymes
that degrade ECM. They play a part in arthritis
through ECM degradation and activation of highly
proinflammatory factors.9 Matrix metalloprotei-
nase 3 (MMP-3), also known as human fibroblast
stromelysin, is a secreted metalloprotease predo-
minantly produced by connective tissue cells.10

MMP-3 and other metalloproteases can synergisti-
cally degrade major ECM components. MMP-3
also degrades proteoglycans, fibronectins, laminins
and basement membrane (type IV) collagens.11

Further, MMP-3 serum levels are correlated with
parameters of inflammation including the erythro-
cyte sedimentation rate, C-reactive protein and
interleukin 6 levels.12 13 Patients with rheumatoid
arthritis have increased serum MMP-3 levels,
which probably originated in synovial tissue.14 An
MMP-3 gene promoter polymorphism exists at
position -1171 with a 6-adenosine run in one allele
(6A) and a 5-adenosine run in the other allele
(5A).15 In vitro assays have shown that the 5A
allele has twofold higher promoter activity than
the 6A allele.15 Therefore, homozygosity in the 6A
allele should result in lower stromelysin levels than
other genotypes owing to reduced gene transcrip-
tion, and this lower level of proteolytic activity
should favour ECM deposition.

Turnover of the ECM depends on the balance
between MMPs and the specific tissue inhibitors of
matrix metalloproteinases (TIMPs).16 Previous stu-
dies have observed that TIMPs block aortic wall
destruction and prevent aneurysm development
through MMP inhibition,17 and also inhibit type IV
collagenolysis.18 Enhanced MMP activity and
aneurysm formation was shown in a mouse model
of TIMP-1 deficiency.19 The gene encoding TIMP-1
maps to the short arm of the X chromosome
(Xp11.3-p11.23),20 and three polymorphisms have
been described.21 The first polymorphism, TIMP-1 -
19 C.T, is located in the 59-UTR of the gene while
the second, TIMP-1 261 C.T, is in exon 4 with no
effects on amino acid sequence and the third,
TIMP-1 372 T.C, is in the exon 5. The TIMP-1 372
T.C polymorphism account for the great majority
of polymorphisms in the gene, while the other two
polymorphisms have a very low frequency of
occurrence.21 The 372 T.C polymorphism might
serve as a marker in association studies.
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Therefore, we examined the association between the occur-
rence of the MMP-3 -1171 and TIMP-1 372 T.C polymorph-
isms and the modified risk for AS through a case–control,
hospital-based association study. In addition, disease severity
has also been shown to be largely genetically determined as
noted by the Bath Ankylosing Spondylitis Activity Index
(BASDAI) and the Bath Ankylosing Spondylitis Functional
Index (BASFI).22 Therefore, we also evaluated the relationship of
AS severity and genetic polymorphisms of MMP-3 and TIMP-1.

PATIENTS AND METHODS

Study subjects
Patients were recruited sequentially from the AS clinic at Chung
Shan Medical University Hospital in Taichung, Taiwan from
November 2002 to December 2007. The study protocol
conformed to the Declaration of Helsinki and had been
approved by the relevant ethics committees of Chung Shan
Medical University Hospital. Patients with AS who met
selection criteria were asked to participate in the study.
Informed consent was obtained before any data was collected
from the respondents. Four selection criteria were used to
recruit subjects: (a) patients aged 16–65 years; (b) AS diagnosis
by the modified New York criteria23; (c) fluent Chinese language
speakers; (d) cognitive performance not influenced by other
diseases such as dementia. Sacroiliitis was confirmed by a
qualified radiologist and AS diagnosis was confirmed by a
qualified rheumatologist. A total of 241 unrelated patients with
AS were included in the study as cases. A detailed clinical
history was recorded by the doctor at enrolment, including
details of age of disease onset, family history of AS and
extraspinal manifestations.

General health questionnaires were completed at the time of
sample collection to determine whether or not a person could
serve as a healthy control. Potential controls were randomly
selected from sequentially admitted patients with no significant
medical histories or abnormal laboratory results. These people
were admitted to the same medical centre for general physical
examinations and were selected from the same geographical
areas as the cases. A 1:1 ratio of case to control subjects was
used in this study. The cases were matched for age (¡5 years)
and gender with control subjects. A total of 241 patients with
AS and 241 controls were included in the statistical analyses.
Further, a second cohort of 99 patients with AS and 99 controls
were collected and then tested again.

Clinical evaluations
Disease activity and functional status were assessed by the
Chinese versions of the BASDAI, the BASFI and the Bath
Ankylosing Spondylitis Global (BAS-G) Score. Good reliability
(0.87–0.94) and validity (0.92–0.94) of these Chinese methods
have been documented.24

Laboratory analyses
Venous blood was collected during medical surveillance, stored
at 4uC and processed on the same day. The blood was
centrifuged to separate the serum and the cells. All specimens
were stored under 270uC until analysis. HLA-B27 carriage had
previously been assessed by flow cytometry.25

The MMP-3 -1171 polymorphism was genotyped by poly-
merase chain reaction (PCR) amplification with mutagenic
primers, followed by restriction fragment length polymorph-
isms (RFLP).26 Primers used for the amplification of the MMP-3
gene were 59-GGT TCT CCA TTC CTT TGA TGG GGG GAA

AGA-39 and 59-CTT CCT GGA ATT CAC ATC ACT GCC
ACC ACT-39. DNA (0.5 ml) was added to the PCR buffer
containing a 200 ng mix of primers, 1.5 mM MgCl2, 0.2 mM of
dNTPs, 50 mM KCl, 10 mM Tris-HCl (pH 8.3) and 0.1% of
bovine serum albumin in a final volume of 50 ml. Amplification
was achieved by the following: denaturation (94uC for 5 min),
followed by 30 cycles at 94uC for 30 s, annealing (65uC for 30 s)
and extension (72uC for 1 min). The PCR products were
digested with Tth111I for 3 h at 65uC. The 6A/6A subjects
had a unique undigested 130 bp fragment, the 5A/5A subjects
had two fragments sized 97 bp and 33 bp and the heterozygous
6A/5A subjects had all three fragments.

TIMP-1 BssSI polymorphisms were also determined using a
PCR-RFLP technique.27 A synonymous C.T exchange at amino
acid position 124 was amplified to form a 175 bp undigested
fragment with the primer pair 59-GCA CAT CAT CAC TAC
CTG CAG T C-39 (mismatched base) and 59-GAA ACA AGC
CCA CGA TTT AG-39. The amplification was carried out as
follows: denaturation (94uC for 5 min), followed by 30 cycles at
94uC for 30 s, annealing (50uC for 45 s) and extension (72uC for
45 s). The PCR products were digested with BssSI. Homozygous
T/T subjects had a single 175 bp fragment, homozygous C/C
subjects had both 152 bp and 23 bp fragments and hetero-
zygous C/T subjects had all three fragments.

Genotyping was also accomplished with blinding to disease
status of subjects. Rigorous quality control procedures were
applied throughout the genotyping process. To avoid PCR
contamination, reagents for the PCR reaction were carefully
aliquoted and each aliquot was used no more than three times.
For each assay, a negative control (no DNA template) was
added to monitor PCR contamination. Pilot experiments were
always conducted to optimise the restriction digestion condi-
tions. After genotyping each genetic polymorphism, , 20– 25%
of the samples in each genotype group were randomly selected
for repeated assays to validate the results.

Statistical analysis
A multiple conditional logistic model was used for the matched
odds ratios (ORs) and 95% confidence intervals (CIs) for MMP-3
and TIMP-1 genotypes and alleles in AS case and control groups.
The differences among the genotypes and alleles for continuous
variables (BASDI, BASFI and BAS-G) were calculated using
analysis of variance or the general linear model to compare the
mean values. All p values were calculated using two-tailed
statistical tests. SAS 9.1 for Windows was used for the analysis.

RESULTS

Basic and clinical characteristic of the subjects
Table 1 shows the basic and clinical characteristics of the
subjects. The mean (SD) age of cases and controls was 34.5
(11.6) and 34.4 (12.4) years, respectively. About 74.3% of all
subjects were male. Mean (SD) age at onset was 25.0 (9.2) years,
mean disease duration was 9.7 (9.2) years and mean duration
from initial symptoms to diagnosis was 55.0 (70.7) months. All
AS subjects were HLA-B27 positive and their mean BASDAI,
mean BASFI and mean BAS-G scores were 3.9 (2.4), 2.2 (2.3) and
4.2 (3.0), respectively.

Association of MMP-3 and TIMP-1 alleles with AS susceptibility
Table 2 shows the genotypic prevalence of MMP-3 and TIMP-1
among the study subjects. In controls, MMP-3 alleles were
measured at 84.2% (6A) and 15.8% (5A), while TIMP-1 alleles
were measured at 55.8% (C) and 44.2% (T). The number of
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MMP-3 5A/5A alleles was small and therefore those with at
least one MMP-3 5A allele were grouped together. The matched
ORs of AS were calculated to investigate the effect of MMP-3
and TIMP-1 using a conditional logistic regression model.
Subjects with the MMP-3 homozygous 6A/6A genotype had a
2.41-fold (95% CI 1.55 to 3.74; p,0.01) increased risk of AS
compared with those with the 6A/5A and 5A/5A genotypes.
The presence of the 6A allele frequency in the MMP-3 -1171
promoter genotype among patients with AS was higher than in
normal controls (91.3% vs 84.2%; OR = 1.96, 95% CI 1.31 to
2.92; p = 0.001). The TIMP-1 C allele was associated with a
higher AS risk (OR = 1.28, 95% CI 0.92 to 1.77) than the TIMP-1
T allele. Since the TIMP-1 gene is on the X chromosome,20 we
also analysed the results segregated by sex. The C allele of the
TIMP-1 372T.C polymorphism was not over-represented in
female controls. The TIMP-1 C allele was associated with a
higher AS risk in men (OR = 1.09, 95% CI 0.72 to1.66) and

women (OR = 1.63, 95% CI 0.97 to 2.75; p = 0.07), but this was
not significant. Further, the MMP-3/TIMP-1 pairwise allele
analysis found that 6A/C (OR = 3.23, 95% CI 1.50 to 6.95;
p = 0.003) and 6A/T (OR = 2.55, 95% CI 1.17 to 5.54; p = 0.02)
had an association with significantly higher AS risks in
comparison with the 5A/T alleles.

The validation of these finding in our second study group (99
male patients with AS and 99 male controls) showed that the
frequency of MMP-3 6A/6A genotype differs between patients
and controls (OR = 2.15; 95% CI 1.08 to 4.26, table 3).

Association of MMP-3 and TIMP-1 alleles with the severity of
AS disease
We analysed the relationship between disease activity and
MMP-3 and TIMP-1 alleles among patients with AS (table 4).
Higher BASDAI (p = 0.70), BASFI (p = 0.85) and BAS-G
(p = 0.68) scores were seen in MMP-3 6A/6A and MMP-3 6A/
5A carriers than in MMP-3 5A/5A carriers, respectively,
although crude differences were not significant. Lower
BASDAI (p = 0.12), BASFI (p = 0.10) and BAS-G (p = 0.01;
Bonferroni correction p = 0.01) scores were seen in TIMP-1 C
carriers than in T carriers. Further, after adjustment for the
effects of age, gender and disease duration, the MMP-3/TIMP-1
5A/T alleles had the lowest BASDAI (p = 0.02), BASFI
(p = 0.05) and BAS-G (p = 0.02) in different MMP-3/TIMP-1
alleles and these values were statistically significant.
When multiple testing (Bonferroni correction) was taken into
consideration, our results for the MMP-3/TIMP-1 5A/T alleles
became non-significant.

DISCUSSION
Our study suggests that MMP-3 genetic polymorphism at
position -1171 in the promoter region and the TIMP-1 372
polymorphism in exon 5 were associated with AS development.

Table 1 Basal characteristics and clinical features of patients with
ankylosing spondylitis (AS) and of normal controls

Characteristics Patients with AS Normal controls

Number of subjects 241 241

Gender: male, No (%) 179 (74.3) 179 (74.3)

Age (years) 34.5 (11.6) 34.4 (12.4)

Range 16–65 19–61

Clinical features

Age on initial symptom (years) 25.0 (9.2)

Disease duration (years) 9.7 (9.2)

Delayed diagnosis (months) 55.0 (70.7)

BASDAI (0–10) 3.9 (2.4)

BASFI (0–10) 2.2 (2.3)

BAS-G (0–10) 4.2 (3.0)

Data are given as mean (SD) unless stated otherwise.
BASDAI, Bath Ankylosing Spondylitis Disease Activity Index, BASFI, Bath Ankylosing
Spondylitis Functional Index; BAS-G, Bath Ankylosing Spondylitis Global.

Table 2 Genotyping and allele frequency of MMP-3 and TIMP-1 single nucleotide polymorphism (SNP) in
patients with ankylosing spondylitis (AS) and in controls

SNP Alleles Patients with AS No (%) Normal controls No (%) Odds ratio (95% CI)*

MMP-3 6A/6A 203 (84.2) 166 (68.9) 2.41 (1.55 to 3.74)

6A/5A 34 (14.1) 74 (30.7) Reference{
5A/5A 4 (1.7) 1 (0.4)

6A 440 (91.3) 406 (84.2) 1.96 (1.31 to 2.92)

5A 42 (8.7) 76 (15.8) Reference

TIMP-1 C 187 (61.7) 169 (55.8) 1.28 (0.92 to 1.77)

T 116 (38.3) 134 (44.2) Reference

Men C 101 (56.4) 97 (54.2) 1.09 (0.72 to 1.66)

T 78 (43.6) 82 (45.8) Reference

Women C/C 32 (51.6) 24 (38.7) 2.32 (0.84 to 6.38)

C/T 22 (35.5) 24 (38.7) 1.60 (0.57 to 4.52)

T/T 8 (12.9) 14 (22.6) Reference

C 86 (69.4) 72 (58.1) 1.63 (0.97 to 2.75)

T 38 (30.7) 52 (41.9) Reference

MMP-3/TIMP-1 6A/C 157 (51.8) 126 (41.6) 3.23 (1.50 to 6.95)

6A/T 106 (34.9) 108 (35.6) 2.55 (1.17 to 5.54)

5A/C 30 (9.9) 43 (14.2) 1.81 (0.76 to 4.30)

5A/T 10 (3.4) 26 (8.6) Reference

*Data were matched by age and gender and calculated using conditional logistic regression.
{MMP-3 5A/5A and 6A/5A genotypes were grouped together as reference.
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The 6A and 5A alleles have been identified in the polymorph-
ism at position -1171 in the MMP-3 promoter.15 In this study,
the MMP-3 5A allele frequency in our normal controls was
15.8%. This was comparable with corresponding values among
controls (18.3%) in an acute coronary atherosclerotic study in
the Taiwanese population,28 and validated our genotyping
techniques. Further, we observed an association between an
MMP-3 gene promoter polymorphism and AS susceptibility, but
not AS severity. In 97 patients of the Outcome Assessments in
Ankylosing Spondylitis International Study (OASIS) it was
shown that MMP-3 levels were independently predictive of
structural damage over 2 years in patients with AS.29 Recently,
serum MMP-3 levels were observed to be significantly elevated
compared with healthy controls in a group of 23 French patients
with active AS chiefly involving the axial skeleton.30 Ribbens et
al31 had previously reported that 11% of patients with AS had
abnormal serum MMP-3 levels. Yang et al32 also found no
significant differences in serum MMP-3 levels between patients
with AS and healthy subjects.

It may be necessary to examine the effects of genotype-
related expression in cell subsets involving AS pathology in the
post-translational modification of MMP-3 proteins. The rela-
tionship between structural variations in the MMP-3 promoter
gene and AS development is still unknown. Previously, Jin et al33

investigated the role of MMP-3 in AS susceptibility using a large
cohort collected by the North American Spondylitis
Consortium. None of the eight MMP-3 single nucleotide
polymorphisms (SNPs) were reported to be significantly
associated with AS. However, 5A/6A was not genotyped in
their study. We further found the association between the
occurrence of the MMP-3 -1171 and polymorphisms and the
modified risk for AS in our cohort. However, it is possible that
the MMP-3 gene may only be a susceptibility gene for AS in
certain ethnic populations. Additional study including more
subjects from different populations may shed light on this
question.

Homozygosity of the 6A allele may have a greater association
with lower stromelysin levels than other genotypes owing to
reduced gene transcription.15 This lower level of proteolytic
activity could favour ECM deposition. A recent study found
that the presence of the 6A allele had an additive effect on
increasing levels of serum MMP-3, but no significant associa-
tions were noted between the presence of the MMP-3 -1171
polymorphism and disease activity or rheumatoid arthritis
severity in Japanese patients.34

In addition, MMP-3 serum levels have been correlated with
measures of inflammation including erythrocyte sedimentation
rate, C-reactive protein and interleukin 6 levels.12 13 Therefore,

Table 3 Genotyping and allele frequency of MMP-3 and TIMP-1 single nucleotide polymorphism (SNP) in a
second sample of 99 male patients with ankylosing spondylitis (AS) and 99 male controls

SNP Alleles
Patients with AS
No (%)

Normal controls
No (%) Odds ratio (95% CI)*

MMP-3 6A/6A 83 (83.8) 70 (70.7) 2.15 (1.08 to 4.26)

6A/5A 16 (16.2) 28 (28.3) Reference{
5A/5A 0 (0) 1 (1.0)

6A 182 (91.9) 168 (84.8) 1.78 (0.98 to 3.31)

5A 16 (8.1) 30 (15.2) Reference

TIMP-1 C 59 (61.7) 54 (54.6) 1.22 (0.69 to 2.14)

T 40 (38.3) 45 (45.4) Reference

*Data were matched by age and calculated using conditional logistic regression.
{MMP-3 5A/5A and 6A/5A genotypes were grouped together as reference.

Table 4 Difference in the scores of BASDAI, BASFI and BAS-G among patients with AS stratified by
different MMP-3 and TIMP-1 alleles

SNP Alleles BASDAI BASFI BAS-G

MMP-3 6A/6A 3.9 (2.4)* 2.2 (2.3) 4.2 (3.0)

6A/5A 3.8 (2.4) 2.4 (2.3) 4.6 (2.7)

5A/5A 2.9 (1.7) 1.8 (1.3) 3.6 (3.0)

Unadjusted p value 0.70 0.85 0.68

Adjusted p value{ 0.46 0.89 0.89

TIMP-1 C 3.7 (2.3) 2.0 (2.2) 3.8 (3.0)

T 4.1 (2.5) 2.4 (2.4) 4.7 (3.0)

Unadjusted p value 0.12 0.10 0.01

Adjusted p value{ 0.17 0.09 0.04

MMP-3/TIMP-1 6A/C 3.6 (2.3) 1.9 (2.2) 3.7 (3.1)

6A/T 4.3 (2.5) 2.5 (2.5) 4.8 (3.0)

5A/C 4.1 (2.3) 2.6 (2.3) 4.9 (2.7)

5A/T 2.6 (1.8) 1.6 (1.3) 3.6 (2.3)

Unadjusted p value 0.04 0.07 0.01

Adjusted p value{ 0.02 0.05 0.02

*Data represent means (SD).
{Adjusted for the effects of age, gender and disease duration.
AS, ankylosing spondylitis; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index, BASFI, Bath Ankylosing Spondylitis
Functional Index; BAS-G, Bath Ankylosing Spondylitis Global; SNP, single nucleotide polymorphism.
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our observations suggest that the 5A/6A polymorphism in the
MMP-3 gene promoter is functionally relevant in the patho-
physiology of AS.15 However, the control of MMP-3 expression
in vivo is complex and modulated by other transcription or
post-transcription factors, such as cytokines.35 36 Functional
studies are required to test these hypotheses.

The process of ECM degradation depends on the balance
between the reduction of MMPs and/or the increase of TIMPs16 17

and may result in joint damage. Our data further emphasise this
concept. SNPs of the TIMP-1 gene are of particular interest since
TIMP-1 is located on the X chromosome20 and there is a sex
difference in AS.1 Importantly, the T allele at SNP +372
accompanied lower TIMP-1 protein expression in inflamed tissues
in men but not in women.37 Higher TIMP-1 protein levels relative
to MMP in susceptible subjects might shift the balance to a
disease phenotype favouring AS development. In our AS subjects,
43.6% of men had the TIMP-1 T allele. Female patients with AS
with TIMP-1 T allele comprised only 30.7%. Therefore, the
protective effect of the TIMP-1 T allele on AS susceptibility is not
as obvious in women as in men. In addition, the proportion of
TIMP-1 heterozygous C/T genotypes in female patients with AS
was 35.5% and polymorphic X chromosome inactivation of the
TIMP-1 gene has been suggested.38 Therefore, our results might
also reflect X chromosome inactivation in female patients with
AS. TIMP-1 heterozygous C/T female carriers would have
restricted TIMP-1 expression and reduced AS development of
AS in this model, as a consequence of the TIMP-1 homozygous T/
T genotype. Variable TIMP-1 expression from the inactive X
chromosome may be expected. Further, this also explains the
association in our study between the presence of the TIMP-1 C
allele and female AS susceptibility, although it did not reach
statistical significance (OR = 1.63, 95% CI 0.97 to 2.75, table 2). In
addition, the TIMP-1 T allele in men had a higher AS risk, but this
was not significant. This illustrates that TIMP-1 may have dual
roles in the fibrotic processes generated in AS: (a) it may act as a
growth factor for fibroblasts, which are the major producers of
type I collagen or (b) it may reduce ECM turnover, thereby
inhibiting the activity of MMPs. Interestingly, subjects who had
susceptible MMP-3 6A and TIMP-1 C alleles were more likely to
experience AS development. This indicates that each susceptible
genotype may generate increased risks for AS development;
however, when combined together, a stronger risk may result.

The possible effect of the MMP-3 and TIMP-1 genes on AS
severity is unknown. In our study, differences in BASDAI,
BASFI and BAS-G were shown in our patients with AS with
different MMP-3/TIMP-1 alleles, even after adjusting for the
effects of age, gender and disease duration. Interestingly, MMP-
3/TIMP-1 5A/T alleles had the lowest BASDAI, BASFI and BAS-
G scores in different MMP-3/TIMP-1 alleles, although the
significance did not remain from multiple statistical testing.
Subjects with MMP-3/TIMP-1 6A/T or 5A/C had obviously
increased AS severity. However, patients with AS with the
MMP-3/TIMP-1 6A/C alleles only had moderately increased
BASDAI, BASFI and BAS-G scores. Several sex- and immune-
related genes, crucial in the maintenance of physiological levels
of sex hormones and of immune tolerance, have been localised
to the X chromosome.39 40 Non-MHC genes may also have
decisive roles in determining tolerance and arthritis suscept-
ibilities.41 However, we observed that MMP-3/TIMP-1 6A/C
carriers are more likely to develop AS than other allele carriers. It
is also possible that subjects with the MMP-3/TIMP-1 6A/C
alleles might experience increased immune tolerance and as a
result might experience less severe forms of AS.

There are some limitations in the interpretation of our data.
Selection bias might have occurred when patients with AS with
either active or inactive disease were enrolled as our study subjects.
In addition, our study may have included referral bias since the
data were collected from a single medical centre. Although recall
bias could be a potential problem, the administration of three
different instruments made it less likely. Our Chinese versions of
the BASDAI, BASFI and BAS-G have shown adequate reliability
and validity.24 Thus, disease activity and functional status in
Chinese-speaking patients with AS may be adequately evaluated
with these adapted versions of the original instruments.

In summary, the balance between MMPs and TIMPs might
act as crucial determinants in AS pathophysiology. We observed
that, among patients with AS, MMP-3 promoter polymorph-
isms at position -1171 and TIMP-1 372 in exon 5 were associated
with susceptibility and severity in patients with AS.
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