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Abstract: Background: Matrix metalloproteinase-1 is the most expressed interstitial collagenase among Matrix me-
talloproteinases (MMPs), which play a central role in the degradation of basement membranes and the extracel-
lular matrix. Accumulating evidences have elucidated that the genetic polymorphisms of Matrix metalloproteinase-1
(MMP-1) were associated with cancer invasion and metastasis with inconsistent results. To derive a more precise
and reliable evaluation of the relationship between MMP-1(-1607)1G/2G polymorphism and cancer metastasis,
we carried out this comprehensive meta-analysis. Methods: A systematic search of PubMed, EMBASE and Web
of Science was conducted for relevant studies. A total of twenty-three eligible studies were included in this meta-
analysis. The odds ratios (ORs) with 95% confidence intervals (95% Cls) calculated by Stata software were used
to assess the associations between MMP-1(-1607)1G/2G polymorphism and cancer metastasis. We used Q test,
12 value, and funnel plot to examine heterogeneity and publication bias, respectively. Results: Twenty-three studies
containing 3208 cancer cases (1546 metastasis-positive cases and 1662 metastasis-negative cases) were pooled
together in this meta-analysis. The results showed that MMP-1(-1607)1G/2G polymorphism was significantly asso-
ciated with the increased risk of cancer metastasis (dominant model: 2G2G + 1G2G vs. 1G1G, OR = 1.28, 95% Cl =
1.01-1.62, P = 0.040; recessive model: 2G2G vs. 1G2G + 1G1G, OR = 1.34, 95% Cl = 1.02-1.76, P = 0.040; allele
model: 2G vs. 1G, OR = 1.27, 95% Cl = 1.11-1.45, P < 0.001). Stratified analysis based on ethnicity revealed that
MMP-1(-1607)1G/2G polymorphism significantly increased the risk of cancer metastasis in Europeans. Besides, no
obvious publication bias was observed in the analysis. Conclusions: In summary, our results of this meta-analysis
indicated that MMP-1(-1607)1G/2G polymorphism was significantly associated with cancer progress overall and 2G
allele at the MMP-1 promoter region could be seen as a risk factor of cancer invasion and metastasis.
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Introduction immune surveillance and angiogenesis and so
on [3]. It’s obvious that extracellular matrix and
basal membrane constitute main physical barri-

ers of cancer metastasis.

Cancer is the primary cause of death and the
major threat to public health all over the world.
The incidence rates of this malignancy are pro-

gressively increasing since 1990 [1]. Cancer
metastasis, the spread of malignant cells from
the primary location to new distant sites, is
regarded as the cause of ninety percent of
deaths from solid tumors [2] and re-attracts
researchers’ attention nowadays. Metastasis is
a multi-step progress of tumor cells ranging
over escape from anoikis, protelysis of extracel-
lular matrix, invasion of lymph, escape from

Matrix metalloprpteinases (MMPs) are a family
of metal-dependent proteolytic enzymes in
relation to cell immigration, embryogenesis, tis-
sue remodeling, and wound repair and the like.
The most significant function of MMPs is to
degrade not only basement membrane, and
extracellular matrix like elastin, collagen, gela-
tin, but also growth-factor-binding proteins,
receptor tyrosine kinases, and cell-adhesion
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molecules and that counts among the causes
of initiation, invasion and metastasis of cancer
[4, 5]. Matrix metalloproteinase-1 (MMP-1),
known as interstitial collagenase located on
chromosomellq, is an important member of
MMPs family and expressed in many normal
cells. Previous studies indicated that MMP-1
gene facilitated growth of cancer and metasta-
sis of lymph node [6, 7] and the expression
level of it was high in many neoplasms instead
of low in normal physiological tissues [8].
Meanwhile, the level of expression of MMP-1
gene could also be influenced by a functional
single nucleotide polymorphism located in
-1607 bp in MMP-1 promoter region [9]. A sin-
gle nucleotide polymorphism is the most com-
mon genetic variation which underlies differ-
ences in susceptibility to diseases in human
beings. MMP-1(-1607)1G/2G (rs1799750) poly-
morphism is located at position 1607 bp
upstream of the MMP-1 promoter region with
the insertion of a guanine (G) and capable of
enhancing the transcription activities of MMP-1
gene by creating a core binding site for Ets fam-
ily of transcription factors [10-12]. Individuals
with the 2G2G genotype of MMP-1(-1607)1G/2G
polymorphism were detected to have higher
MMP-1 level. Highly expressed MMP-1 played a
remarkable role in degrading collages | and llI
which was very important to cancer metasta-
sis. In a sense, it heralded poorer prognosis in
malignant patients [13].

To date, although a variety of studies have dem-
onstrated the relationship between MMP-1(-
1607)1G/2G polymorphism and neoplasm
metastasis [6, 14-34], the results remain
inconsistent and conflicting. Therefore, we per-
formed this systematic meta-analysis of all eli-
gible published studies from 2000 to 2015 to
derive a more accurate and deeper evaluation
of associations between MMP-1(-1607)1G/2G
polymorphism and cancer metastasis.

Materials and methods
Identification of eligible studies

We executed a systematic search on PubMed,
EMBASE and Web of Science databases for rel-
evant case-control studies that investigated
the associations between MMP-1(-1607)1G/2G
polymorphism and metastasis up to July 1,
2015. The following keywords used for search
were “MMP-1 OR Matrix metalloproteinase-1”,
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“interstitial collagenase”, “polymorphism OR
variation” and “cancer OR carcinoma”. The ref-
erences of retrieved original articles were
screened by manually searched as well.

Inclusion and exclusion criteria

All eligible studies included in this meta-analy-
sis must meet the following criteria: (a) discus-
sion about the correlation between MMP-1(-
1607)1G/2G polymorphism and cancer; (b)
independent case-control study; (c) sufficient
data of genotype frequency to obtain odds
ratios with 95% confidence intervals. The exclu-
sion criteria were (a) not case-control study; (b)
insufficient information about genotype fre-
quency; (c) duplicate data of earlier publica-
tions; (d) reviews, comments or meta-
analyses.

Date extraction

Two reviewers (Dongdong Wu and Bo Fu) inde-
pendently extracted all available data from eli-
gible studies. When encountering divergence,
the third reviewer (Peng Song) was invited to
verify data until a consensus was reached. We
collected information including author’s first
name, publication year, cancer type, country
origin, ethnicity of study population, the num-
ber of metastasis-positive and metastasis-neg-
ative cases and respective genotype distribu-
tions for MMP-1(-1607)1G/2G polymorphism
from each available study. Referring to TNM
Classification of Malignant Tumours (7" edi-
tion), we divided all cases into metastasis-posi-
tive group and metastasis-negative group
depending on whether lymph nodes invasion or
distant metastasis was detected at the time of
diagnosis or follow-up visit. It is noted that we
gave priority to refer to lymph nodes metasta-
sis if lymph nodes metastasis and distant
metastasis were discussed together in respec-
tive studies.

Statistical analysis

We evaluated the strength of the correlation
between MMP-1(-1607)1G/2G polymorphism
and cancer metastasis by means of pooled
odds ratios (ORs) and 95% confident intervals
(Cls). The effect of study size of eligible studies
on the results was assessed by the weight. The
risk ORs of cancer metastasis associated with
MMP-1(-1607)1G/2G polymorphism were esti-
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105 potentially relevant articles
were identified and screened from
databases up to July 1, 2015.

39 articles were excluded because

they did not discuss the association

between MMP-1 polymorphism and

cancer metastasis.

analyses were carried out with
Stata software (version 12.0,
Stata Crop, College Station, TX,
USA).

Result

Characteristics of studies

66 articles of full text were obtained
for further review.

Eventually, 105 studies were
retrieved according to the

7 reviews

17 publications were excluded
10 meta-analyses

search strategy. 22 qualified
articles [6, 14-34] containing
23 independent studies were
involved in this meta-analysis

49 remaining articles were for detail

evaluation.

after carefully reviewing. The
publications selection prog-

27 articles without sufficient
genotype data and tumor stage

information were excluded.

ress was showed in Figure 1.
All eligible case-control studies
included 3208 cancer cases
which were comprised of 1546

22 eligible articles including 23
studies were ultimately contained in

this meta-analysis.

Figure 1. Flow diagram of studies identification for this meta-analysis.

mated for every study. The pooled ORs were
calculated under dominant model comparison
(2G2G + 1G2G vs. 1G1G), recessive model
comparison (2G2G vs. 1G2G + 1G1G) and allele
model comparison (2G vs. 1G), respectively.
Z-test was applied to estimate the statistical
significance of the ORs and a P value < 0.05
was considered significant. The heterogeneity
between different studies was checked by
2-based Q test and I? index. A fixed-effects
model (the Mantel-Haenszel method) was
applied if Q test indicated absence of promi-
nent heterogeneity across all qualified studies,

heterogencity 0.05 and/or P < 50% [35].
Otherwise, the random-effects model was con-
ducted (Der Simonian and Laird method) [36].
Stratified analyses were performed by cancer
types and ethnicity of study population. A can-
cer type was grouped into other cancers if it
was investigated in a single study. Sensitivity
analysis was also tested by removing one study
at a time to evaluate the overall heterogeneity
and effect size. The publication bias was diag-
nosed by Begg's funnel plot. Funnel plot asym-
metry was assessed by Egger’s linear regres-
sion test. (P < 0.05 suggested the statistically
significant publication bias) [37]. All statistical
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metastasis-positive cases and
1662 metastasis-negative ca-
ses. Among these studies, 7
studies described head and
neck cancer, 3 studies focused
on gastric cancer, 5 studies
discussed colorectal cancer, 2
studies analyzed breast cancer and the remain-
ders investigated other cancers. In addition,
there were 15 studies of Asians, 6 studies of
Europeans and 1 study of mixed population. All
detailed characteristics of these studies were
neatened in Table 1.

Quantitative data synthesis

This update meta-analysis pooled 23 eligible
studies together to explore the associations
between MMP-1(-1607)1G/2G polymorphism
and cancer metastasis. The main results of this
meta-analysis were shown in Table 2. The over-
all analysis indicated that genetic variant 2G
allele was significantly associated with
increased risk of cancer invasion and metasta-
sis, compared with 1G allele (OR = 1.27, 95% Cl
=1.11-1.45, P < 0.001, Pheterogeneity <0.001, P =
72.1%, Figure 2A). Meanwhile, we found that
MMP-1 2G2G and 1G2G variant genotypes also
had a high risk of cancer metastasis compared
with patients carrying 1G1G genotype for domi-
nant model (2G2G + 1G2G vs. 1G1G: OR =
1.28,95% Cl = 1.01-1.62, P = 0.040, Pheterogeneity
= 0.083, I? = 35.0%, Figure 2B) and recessive
model (2G2G vs. 1G2G + 1G1G: OR = 1.34,
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Table 1. Characteristics of MMP-1 polymorphism distribution included in the Meta-analysis

Study Year Cancer type Country Ethnicity Total Genotypes
M(+) M() M(+) M()

1G1G 1G2G 2G2G 1G1G 1G2G 2G2G
O-charoenrat 2006 head/neck Thailand Asian 181 119 752 - 106 76° - 43
Hashimoto 2004 head/neck Japan Asian 43 86 20?2 - 23 4082 - 46
Vairaktaris 2007 head/neck Greece European 68 88 14 26 28 22 42 24
Nishizawa 2007 head/neck Japan Asian 56 114 3 26 27 11 53 50
Cao 2005 head/neck China Asian 67 29 277 - 40 142 - 15
Kondo 2005 head/neck Japan/Taiwan Asian 40 43 6 - 34 4 390
Nasr 2007 head/neck Tunisia European 118 56 5 37 76 8 26 22
Shimizu 2008 head/neck Japan Asian 19 50 92 - 10 23° - 27
Jin 2005 esophageal China Asian 59 72 6 24 29 12 29 31
Matsumura 2004 gastric Japan Asian 89 126 11 42 36 15 46 65
Dey 2014 gastric India Asian 119 26 18 - 101° 5 - 21°
Jin 2005 gastric China Asian 46 48 2 16 28 7 16 25
Hinoda 2002 colorectal Japan Asian 42 59 20° - 22 23° - 36
Woo 2006 colorectal Korea Asian 79 106 2 23 54 5 31 70
De Lima 2009 colorectal Brazil Mixed 43 38 31° - 12 228 - 16
Ghilardi 2001 colorectal Italy European 17 43 6° - 11 31° - 12
Kouhkan 2008 colorectal Iran Asian 69 81 10 21 38 20 40 21
Hughes 2007 breast London European 52 88 12 20 20 26 43 19
Przbylowska 2006 breast Poland European 141 129 33 57 51 44 58 27
Fang 2005 lung China Asian 123 74 13 41 69 8 24 42
Fong 2004 chondrosarcoma Taiwan Asian 14 53 6 8 0 12 26 15
Lai 2005 cervical Taiwan Asian 51 89 12 22 17 8 38 43
Albayrak 2007 prostate Turkey European 10 45 3 - 7° 7 - 38°

M(+)/M(-): cases of metastasis positive and metastasis negative. ‘means the number of 1G1G + 1G2G. "means the number of 1G2G + 2G2G.

Table 2. Stratified analysis of MMP-1(-1607)1G/2G polymorphism on cancer metastasis

Stratification ~ M(+)/M(-) 2G2G + 1G2G vs. 1G1G 2G2G vs. 1G2G + 1G1G
OR (95% Cl) P Ph  1?2(%) OR (95% Cl) P Ph 12 (%)
Total 1546/1662 1.28(1.01-1.62) 0.040 0.083 35.0 1.34(1.02-1.76) 0.040 <0.001 65.2
Cancer type
Head/neck 592/585 1.50(0.89-2.51) 0.126 0.206 34.4 1.69(1.20-2.31) 0.020 0.156 35.6
Gastric 254/200 1.33(0.73-2.43) 0.351 0.339 7.5 0.90(0.41-1.97) 0.792 0.108 61.3
Colorectal 250/327 1.93(0.91-4.08) 0.086 0.988 0.0 1.43(0.66-3.11) 0.370 0.001 78.2
Breast 193/217 1.60 (1.02-2.48) 0.039 0.693 0.0 2.18(1.40-3.40) 0.001 0.902 0.0
Other 257/333 0.74 (0.47-1.15) 0.177 0.123 449 0.81(0.56-1.17) 0.755 0.128 47.3
Ethnicity
Asian 1097/1175 1.10 (0.80-1.50) 0.570 0.108 36.4 1.14(0.83-1.56) 0.429 <0.001 62.5
European 449/487 1.54 (1.08-2.20) 0.016 0.270 22.7 2.35(1.72-3.21) 0.001 0.707 0.0

2G2G + 1G2G vs. 1G1G: dominant model; 2G2G vs. 1G2G+1G1G: recessive model. OR: odds ratio; Cl: confidence interval; Ph:

P value for heterogeneity test. Random model was used for data pooling when P

model was used. Two-sided test for genotype distribution.

95% Cl = 1.02-1.76, P = 0.040, P, concity

0.001, ? = 65.2%, Figure 2C). In the stratified
analysis by cancer type, significant associa-
tions were observed in breast cancer under the
dominant model (OR = 1.60, 95% Cl = 1.02-

1438

< 0.05 and/or I?> > 50%; otherwise fixed

heterogeneity

2.48, P=0.039, Pheterogeneity = 0.693, > = 0.0%)
and recessive model (OR = 2.18, 95% Cl =
1.40-3.40, P = 0.001, Phetemgeneity =0.902, > =
0.0%). Besides, there were significant associa-
tions in head and neck cancer subgroup under
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Study %
D OR (95% CI) Weight
Matsumura (2004) —_— E 0.77 (0.51, 1.16) 13.49
Vairaktaris (2007) — 1.45(0.92,2.28) 8.02
Woo (2006) ——0-:— 1.16 (0.68, 1.99) 6543
Jin (2005) ——:—0— 1.64 (0.85, 3.16) 362
Jin (2005) —_'._ 1.33(0.79,2.23) 6.44
Nishizawa (2007) ——0‘— 1.23(0.75,2.01) 742
Kouhkan (2008) | — 231(1.43,372) 577
Nasr (2007) | —— 2.41(1.47,3.97) 487
Hughes (2007) - 1.60 (0.98,2.61) 6.56
Przbylowska (2006) -;—0— 1.69(1.20, 2.37) 13.14

4
Fang (2005) —'-"+ 0.99 (0.63, 1.57) 9.46
Fong (2004) — | 0.36 (0.14, 0.88) 430
Lai (2005) —_— H 0.53(0.32,0.88) 10.49
Overall (l-squared =72.1%, p = 0.000) O 1.27(1.11,1.45) 100.00
T T
145 1 6.92

B sty %

D OR (35% CI) Weight

| T
Matsumura (2004) —_— 0.96 (0.42, 2.20) 9.20
Vairaktaris (2007) —— 1.29(0.60, 2.75) 9.59
Woo (2006) . 1.91(0.36,10.09)  1.77
Dey (2014) —_— 1.34 (0.45, 4.00) 422
Jin (2005) ' > 3.76 (0.74, 19.13) 141
Jin (2007) _ 1.77 (0.62, 5.03) 445
Nishizawa (2007) RN S 1.89 (0.50, 7.06) 294
Kouhkan (2008) 4 1.93 (0.84, 4.48) 6.59
Kondo (2005) —_— 0.58 (0.15, 2.23) 457
Nasr (2007) A 377(117,1210) 223
Hughes (2007) ——.— 1.40 (0.63, 3.08) 8.61
Przbylowska (2006) ——— 1.69 (0.9, 2.89) 16.82
Fang (2005) _— 1.03 (0.40, 2.60) 7.05
Fong (2004) - s 0.39 (0.1, 1.35) 595
Lai (2005) _— 0.32(0.12, 0.85) 11.24
Albayrak (2007) - 0.43 (0.09, 2.08) 3.36
Overall (-squared = 35.0%, p = 0.083) (> 1.28 (1.01, 1.62) 100.00
T - T
0523 1 19.1
C Study %
ID OR (95% CI) Weight
O-charoenrat (2006) | —— 2.50(1.55,4.02) 657
Matsumura (2004) el 064(037,1.10) 618
Hinoda (2002) — 0.70(0.32, 1.56)  4.85
Hashimoto (2004) —_— 1.00 (0.48, 2.08) 518
Vairaktaris (2007) |-,-— 1.87(0.95,3.66)  5.50
Woo (2006) — 1.11(0.60,207)  5.78
de Lima (2009) —_— 053(0.21,1.34)  4.26
Ghilardi (2001) R —— 474(143,1568) 322
Jin (2005) —— 143(063,325) 476
Jin (2005) —_— 128 (0.64,255) 541
Nishizawa (2007) —— 1.19(0.63,2.26) 567
Kouhkan (2008) C——— 3.50(1.76,6.96) 543
Cao (2005) —— 1.38(0.58,3.32)  4.48
Nasr (2007) I 280 (145,539 560
Shimizu (2008) R 095(0.33,273) 372
Hughes (2007) ——— 227(1.07,483) 508
Przbylowska (2006) —_ 214(1.24,370)  6.20
Fang (2005) —— 0.97 (0.54, 1.74)  6.00
Fong (2004) € : 0.09(0.00,1.53)  0.83
Lai (2005) — 0.53(0.26,1.09) 528
Overall (l-squared = 65.2%, p = 0.000) Q 1.34(1.02, 1.76) 10000
T T

00481
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Figure 2. Forest plot of cancer
metastasis associated with
MMP-1(-1607)1G/2G polymor-
phism. A. 2G allele vs. 1G allele.
B. The dominant model. C. The
recessive model. The squares
and horizontal lines correspond
to the study-specific OR and
95% Cl. The area of the squares
reflected the weight. The dia-
mond represented the pooled
OR and 95% ClI.

recessive model (OR = 1.69,
95% ClI = 1.20-2.31, P =
0.020, P, ... geneity — 0.156, I?
= 35.6%). Nevertheless, no
significant associations with
the risk of cancer metasta-
sis were found in gastric
cancer, colorectal cancer or
other cancers under domi-
nant model and recessive
model. Under the dominant
model and recessive model,
subgroup analysis based on
ethnicity was carried out.
The results suggested that
genetic variant 2G2G or
1G2G genotype strongly
increased the risk of cancer
metastasis in Europeans
(dominant model: OR =
1.54, 95% Cl = 1.08-2.20, P
=0.016, P, geneity — 0.270,
2 = 22.7%; recessive model:
OR = 2.35, 95% CI = 1.72-
3.21, P=0.001, Pheterogeneity =
0.707, I? < 0.1%). On the con-
trary, there was no signifi-
cant associations in Asians
(dominant model: OR =
1.10, 95% Cl = 0.80-1.50, P
=0.570,P, ... seneity — 0.108,
2 = 36.4%; recessive model:
OR = 1.14, 95% CI = 0.83-
1.56,P=0.429, P =

heterogeneity -

0.001, I? = 60.5%).
Sensitivity analysis

Sensitivity analysis was per-
formed to assess the influ-
ence of each study on the
pooled ORs by deletion of
individual study at a time.
Through the analysis, we got
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Figure 3. Influence analysis of summary odds ratio coefficients on associa-
tions between MMP-1(-1607)1G/2G polymorphism and cancer metastasis
in this meta-analysis. A. The dominant model. B. The recessive model. The
summary ORs were calculated by omitting each study in order.

to know that the study conducted by Lai et al.
[33] significantly affected the overall result in
dominant model (Figure 3A). After omitting this
study, the result of this meta-analysis was not
influenced apparently (OR = 1.40, 95% CI =
1.10-1.79, P = 0.007, P, __ . cencity 0.384, I? =
6.2%). The result in recessive model showed
that no single study obviously influenced pooled
ORs (Figure 3B). In general, no single study
materially affected the pooled ORs which indi-
cated that our results were statistically reliable
and stable.

Heterogeneity analysis

Moderate heterogeneity was detected among
these studies in recessive model (2G2G vs.

1440

results (Figure 4). The asso-
ciations between MMP-1(-
1607)1G/2G polymorphism
and cancer metastasis were
still  existed in recessive
model (OR = 1.398, 95% Cl =
1.162-1.681, P<0.001, Pheterogeneity =0.052, =
40.6%). The same method was performed with
allele model and we found three studies [23,
32, 33] contributing to the major cause of het-
erogeneity. The result remained stable after
elimination of the above studies (OR = 1.53,
95% Cl = 1.28-1.82, P < 0.001, P
0.212, I? = 25.1%).

heterogeneity

Publication bias

There was no evidence of publication bias
found in this meta-analysis by use of the Begg's
funnel plot and Egger’s test. The shape of the
funnel plot did not reveal any obvious asymme-
try in dominant model and recessive model

Int J Clin Exp Med 2016;9(2):1435-1446



Associations between MMP-1 polymorphism and cancer metastasis

b/se(b)

3.34425 —

2 -
o)
T
Ry
re)

0 -

_2 —|

Shimizu

Fitted values

O-charoe
Kouhkan

Nasr

Przbylow

Hughes
Vairakta

Jin
Jin
Nishizaw
Woo

Hashimot

Fang

Hinoda

Matsumur

o —

T | T
4.11063

1/se(b)

Figure 4. Galbraith radial plot for the recessive model. The figure showed the contribution of individual studies to
the heterogeneity. There were five studies [14, 23, 28, 32, 33] accounting for the major cause of the heterogeneity.

(Figure 5A and 5B). Egger’s test was utilized to
provide statistical evidence of funnel plot sym-
metry and the results were similar. (t =-0.61, P
= 0.550 for dominant model; t = -1.09, P =
0.290 for recessive model).

Discussion

Cancer metastasis is a multi-step progression
with complicated molecular mechanisms of
regulation. Migration and invasion of malignant
cells are regarded as the pivotal point of the
progress of metastasis. An increasing number
of studies have demonstrated that MMPs were
involved in a variety of tumors geneses and
developments through facilitating the break-
down of extracellular matrix, basement mem-
branes, collagen, and fibronectin which were
seen as normal barriers under physiological
conditions [38]. In addition, MMPs also have an
effect on the regulation of growth and prolifera-
tion of primary and metastatic tumors [39].

Among the MMPs family, MMP-1 is the most
conspicuous and intriguing member partially
because of its most ubiquitous expression.
MMP-1 gene is located in the chromosome
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11922 and is widely expressed not only in
diverse normal physiological cells but also in
various tumor cells [40]. As an interstitial colla-
genase with proteolytic activities, MMP-1 can
specifically degrade fibrillar collagens, the
abundant component of human connective tis-
sues [30]. To our knowledge, the expression of
MMP-1 is regulated by mitogen activated pro-
tein kinase (MAPK) pathway. Activator protein-1
and polyoma enhancing activity-3/E26 virus
transcription factors can recognize the com-
mon bind sites in the MMP-1 gene promoter
region and directly affect the expression of
MMP-1 [41]. Compared with low expression in
normal cells and tissues, MMP-1 is overex-
pressed in various tumor tissues such as head
and neck cancer, esophageal cancer, gastric
cancer and colorectal cancer and so on [14,
22, 23, 25] which have brought an expectation
of being a potential biomark in cancer progress
for MMP-1. Growing evidences indicated that
MMP-1 plays an important role in tumorigene-
sis progression and metastasis. Murray Gl et
al. [42, 43] had indicated that poor prognosis of
gastric cancer, colorectal cancer and esopha-
geal cancer was related to the overexpression
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tide could generate a 5-
GGAT-3’ sequence, a core
binding site for Ets family of
R transcription factors which
gave rise to significantly ele-
vated transcription activity
for mutant 2G allele com-

pared to wild-type 1G allele
[13]. Higher level expression
of MMP-1 were detected in

° cancer tissues of patients

with 2G allele than those with
1G allele [47]. Thus, we sur-
mised that MMP-1(-1607)1G/

A Begg's funnel plot with pseudo 95% confidence limits
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B Begg's funnel plot with pseudo 95% confidence limits

T 2G polymorphism was asso-
ciated with tumorigenesis
progress and invasion. In
recent decades, A series of
studies had explored the
associations between MMP-
1(-1607)1G/2G polymorphi-
sm and susceptivity and
metastasis of malignancy but

the results yet remained con-
troversial and inconsistent. A
meta-analysis had pointed
out that MMP-1(-1607)1G/2G
polymorphism was associat-
ed with an increased risk of
cancer [48]. Dan Liu et al.

s.e. of: logor

Figure 5. Begg’ s funnel plot for publication bias test of overall meta-analysis.
A. The dominant model. B. The recessive model. Each point represented a

separate study for the indicated association.

of MMP-1. Study of Moser PL et al. [44] about
invasive cervical cancer showed the positive
associations between the overexpression of
MMP-1 in cancer cells and lymphovascular
space invasion and lymph node metastasis. In
chondrosarcoma patients, elevated expression
of MMP-1 was detected in patients with recur-
rence while relatively low level of MMP-1 expres-
sion in patients remaining disease-free [45]. It
is well-known that SNP is a DNA sequence vari-
ation which is common in human beings. Some
SNPs occurring in the gene promoter region
can regulate gene expression by influencing
the activities of transcription factors [46]. Joni
L. Rutter et al. initially reported that a function-
al SNP (MMP-1(-1607)1G/2G polymorphism)
located at the -1607 bp locus of MMP-1 pro-
moter region with the insertion of a G nucleo-
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. indicated that 2G allele
increased the risk of metas-
tasis only under the recessive
model in their meta-analysis
[49]. To further reveal the
impact of MMP-1(-1607)1G/
2G polymorphism on cancer
invasion and derive a more precise and deeper
evaluation of the associations between MMP-
1(-1607)1G/2G polymorphism and cancer
metastasis, we performed this update
meta-analysis.

In our analysis, we found that 2G allele at
MMP-1 promoter region significantly elevated
the risk of tumor metastasis. Meanwhile,
significant associations between MMP-1(-
1607)1G/2G polymorphism and cancer metas-
tasis were also found under both dominant
model (2G2G + 1G2G vs. 1G1G) and recessive
model (2G2G vs. 1G2G + 1G1G). There was
moderate heterogeneity in the analysis of
recessive model and allele model but no obvi-
ous heterogeneity in dominant model. To diag-
nose the source of heterogeneity, we carried
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out stratified analysis, sensitivity analysis and a
Galbraith radial plot. The results showed that
our analysis was stable and reliable.

In stratified analysis based on cancer type, we
found significant associations in breast cancer
under the dominant model and recessive
model. Besides, there was a significant
increased risk of cancer metastasis in the sub-
group of head and neck cancer under recessive
model, whereas no significant associations
were found in gastric cancer, colorectal cancer
or other cancers. There is an earlier research
which indicated that MMP-1(-1607)1G/2G poly-
morphism was related to the risk of lymph node
metastasis and poor prognosis in breast can-
cer and that is in agreement with our results
[29]. One possible explanation is that different
tumors in different sites have various microen-
vironment and carcinogenetic mechanisms and
MMP-1(-1607)1G/2G polymorphism may reflect
varying values in different tumors. In subgroup
analysis by ethnicity, significant associations
between MMP-1(-1607)1G/2G polymorphism
and increased risk of cancer metastasis were
found in Europeans but not in Asians. Diverse
genetic backgrounds, various living environ-
ments and lifestyles of different ethnicity may
partially account for the phenomenon. Besides,
the differences in results of Asians and
Europeans may be due to chance because of
inadequate sample size and further studies
with larger sample size need to be performed
to confirm our conclusions.

We have to admit that there are some limita-
tions in our meta-analysis. First, moderate het-
erogeneity emerged from eligible studies.
Differences in surroundings and genetic back-
grounds of research objects may contribute to
the heterogeneity, as well as tumor characteris-
tics, when evaluating synthetic results of
diverse studies and that is inevitable. Only elim-
inating the influence of heterogeneity in all eli-
gible studies can obtain a statistical powerful
prediction. Second, the sample size of our
meta-analysis was not large enough especially
in stratified analysis which may lead to false
positive or negative results. Third, we did not
analysis some other potential risk factors of
cancer metastasis or interactions between dif-
ferent genes and environment. A better-
designed analysis with more detailed data
should be performed to check our findings.
Fourth, though we did not find any obvious pub-
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lication bias with Begg's funnel plot and Egger’s
test, some potential publication bias was still
exist on account of ignoration of unpublished
studies in our analysis.

Conclusion

In summary, our update meta-analysis definite-
ly put forward for the first time that MMP-1(-
1607)1G/2G polymorphism 2G allele could be
seen as a risk factor of cancer invasion and
metastasis especially in Europeans. Individuals
with variant heterozygous 1G2G genotype or
homozygous 2G2G genotype both increased
the risk of tumor invasion and metastasis. Our
results provided a possibility that MMP-1(-
1607)1G/2G polymorphism 2G allele could be
a potential biomark to predict cancer metasta-
sis and poor prognosis in some ways.

Acknowledgements

We are obliged to the researchers who provided
their data for these analyses, and it is our plea-
sure to acknowledge their contributions.

Disclosure of conflict of interest
None.

Address correspondence to: Baolin Wang, De-
partment of General Surgery, The Second Affiliated
Hospital of Nanjing Medical University, 121 Jiangjia
Yuan Road, Nanjing 210011, Jiangsu, China. Tel:
+2558509832; Fax: +2558509994; E-mail: wang-
bl@njmu.edu.cn

References

[1]  Global Burden of Disease Cancer Collaboration,
Fitzmaurice C, Dicker D, Pain A, Hamavid H,
Moradi-Lakeh M, Macintyre MF, Allen C,
Hansen G, Woodbrook R, Wolfe C, Hamadeh
RR, Moore A, Werdecker A, Gessner BD, Te Ao
B, McMahon B, Karimkhani C, Yu C, Cooke GS,
Schwebel DC, Carpenter DO, Pereira DM, Nash
D, Kazi DS, De Leo D, Plass D, Ukwaja KN,
Thurston GD, Yun Jin K, Simard EP, Mills E,
Park EK, Catala-Lopez F, deVeber G, Gotay C,
Khan G, Hosgood HD 3rd, Santos IS, Leasher
JL, Singh J, Leigh J, Jonas J, Sanabria J,
Beardsley J, Jacobsen KH, Takahashi K,
Franklin RC, Ronfani L, Montico M, Naldi L,
Tonelli M, Geleijnse J, Petzold M, Shrime MG,
Younis M, Yonemoto N, Breitborde N, Yip P,
Pourmalek F, Lotufo PA, Esteghamati A, Hankey
GJ, Ali R, Lunevicius R, Malekzadeh R,

Int J Clin Exp Med 2016;9(2):1435-1446


mailto:wangbl@njmu.edu.cn
mailto:wangbl@njmu.edu.cn

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

Associations between MMP-1 polymorphism and cancer metastasis

Dellavalle R, Weintraub R, Lucas R, Hay R,
Rojas-Rueda D, Westerman R, Sepanlou SG,
Nolte S, Patten S, Weichenthal S, Abera SF,
Fereshtehnejad SM, Shiue |, Driscoll T,
Vasankari T, Alsharif U, Rahimi-Movaghar V,
Vlassov VV, Marcenes WS, Mekonnen W,
Melaku YA, Yano Y, Artaman A, Campos |,
MacLachlan J, Mueller U, Kim D, Trillini M,
Eshrati B, Williams HC, Shibuya K, Dandona R,
Murthy K, Cowie B, Amare AT, Antonio CA,
Castaneda-Orjuela C, van Gool CH, Violante F,
Oh IH, Deribe K, Soreide K, Knibbs L,
Kereselidze M, Green M, Cardenas R, Roy N,
Tillman T, Li Y, Krueger H, Monasta L, Dey S,
Sheikhbahaei S, Hafezi-Nejad N, Kumar GA,
Sreeramareddy CT, Dandona L, Wang H, Vollset
SE, Mokdad A, Salomon JA, Lozano R, Vos T,
Forouzanfar M, Lopez A, Murray C and Naghavi
M. The Global Burden of Cancer 2013. JAMA
Oncol 2015; 1: 505-527.

Fidler 1J. Critical factors in the biology of hu-
man cancer metastasis: twenty-eighth G.H.A.
Clowes memorial award lecture. Cancer Res
1990; 50: 6130-6138.

Bohle AS and Kalthoff H. Molecular mecha-
nisms of tumor metastasis and angiogenesis.
Langenbecks Arch Surg 1999; 384: 133-140.
Mao YZ, Tang ST and Ruan QL. Expression of
matrix metalloproteinase 1 and 2 in congenital
choledochal cyst and its clinical significance.
World J Pediatr 2008; 4: 130-134.

Egeblad M and Werb Z. New functions for the
matrix metalloproteinases in cancer progres-
sion. Nat Rev Cancer 2002; 2: 161-174.
Ghilardi G, Biondi ML, Mangoni J, Leviti S,
DeMonti M, Guagnellini E and Scorza R. Matrix
metalloproteinase-1 promoter polymorphism
1G/2G is correlated with colorectal cancer in-
vasiveness. Clin Cancer Res 2001; 7: 2344-
2346.

Xuan J, Zhang Y, Zhang X and Hu F. Matrix me-
talloproteinase-1 expression in breast cancer
and cancer-adjacent tissues by immunohisto-
chemical staining. Biomed Rep 2015; 3: 395-
397.

Decock J, Hendrickx W, Vanleeuw U, Van Belle
V, Van Huffel S, Christiaens MR, Ye S and
Paridaens R. Plasma MMP1 and MMP8 ex-
pression in breast cancer: protective role of
MMPS8 against lymph node metastasis. BMC
Cancer 2008; 8: 77.

Han G, Wei Z, Lu Z, Cui H, Bai X, Ge H and
Zhang W. Association between matrix metallo-
proteinase 1 -1607 1G>2G polymorphism and
cancer risk: a meta-analysis including 19706
subjects. Int J Clin Exp Med 2014; 7: 2992-
2999.

Fakhoury H, Noureddine S, Chmaisse HN,
Tamim H and Makki RF. MMP1-1607(1G>2G)

1444

(11]

[12]

(13]

(14]

(16]

(17]

(18]

(19]

polymorphism and the risk of lung cancer in
Lebanon. Ann Thorac Med 2012; 7: 130-132.
Xu E, Lai M, Lu B, Xing X and Huang Q. No as-
sociation between the polymorphisms in ma-
trix metalloproteinase-1 and matrix metallo-
proteinase-3 promoter regions and colorectal
cancer in Chinese. Dis Colon Rectum 2006;
49: 1439-1444.

Zinzindohoue F, Lecomte T, Ferraz JM, Houllier
AM, Cugnenc PH, Berger A, Blons H and
Laurent-Puig P. Prognostic significance of
MMP-1 and MMP-3 functional promoter poly-
morphisms in colorectal cancer. Clin Cancer
Res 2005; 11: 594-599.

Rutter JL, Mitchell TI, Buttice G, Meyers J,
Gusella JF, Ozelius LJ and Brinckerhoff CE. A
single nucleotide polymorphism in the matrix
metalloproteinase-1 promoter creates an Ets
binding site and augments transcription.
Cancer Res 1998; 58: 5321-5325.
O-charoenrat P, Leksrisakul P and Sangruchi S.
A functional polymorphism in the matrix metal-
loproteinase-1 gene promoter is associated
with susceptibility and aggressiveness of head
and neck cancer. Int J Cancer 2006; 118:
2548-2553.

Hashimoto T, Uchida K, Okayama N, Imate Y,
Suehiro Y, Hamanaka Y, Ueyama Y, Shinozaki
F, Yamashita H and Hinoda Y. Association of
matrix metalloproteinase (MMP)-1 promoter
polymorphism with head and neck squamous
cell carcinoma. Cancer Lett 2004; 211: 19-24.
Vairaktaris E, Yapijakis C, Derka S, Serefoglou
Z, Vassiliou S, Nkenke E, Ragos V, Vylliotis A,
Spyridonidou S, Tsigris C, Yannopoulos A,
Tesseromatis C, Neukam FW and Patsouris E.
Association of matrix metalloproteinase-1
(-1607 1G/2G) polymorphism with increased
risk for oral squamous cell carcinoma.
Anticancer Res 2007; 27: 459-464.

Nishizawa R, Nagata M, Noman AA, Kitamura
N, Fujita H, Hoshina H, Kubota T, Itagaki M,
Shingaki S, Ohnishi M, Kurita H, Katsura K,
Saito C, Yoshie H and Takagi R. The 2G allele of
promoter region of matrix metalloproteinase-1
as an essential pre-condition for the early on-
set of oral squamous cell carcinoma. BMC
Cancer 2007; 7: 187.

Cao ZG and Li CZ. A single nucleotide polymor-
phism in the matrix metalloproteinase-1 pro-
moter enhances oral squamous cell carcino-
ma susceptibility in a Chinese population. Oral
Oncol 2006; 42: 32-38.

Kondo S, Wakisaka N, Schell MJ, Horikawa T,
Sheen TS, Sato H, Furukawa M, Pagano JS and
Yoshizaki T. Epstein-Barr virus latent mem-
brane protein 1 induces the matrix metallopro-
teinase-1 promoter via an Ets binding site
formed by a single nucleotide polymorphism:

Int J Clin Exp Med 2016;9(2):1435-1446



[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Associations between MMP-1 polymorphism and cancer metastasis

enhanced susceptibility to nasopharyngeal
carcinoma. Int J Cancer 2005; 115: 368-376.
Nasr HB, Mestiri S, Chahed K, Bouaouina N,
Gabbouj S, Jalbout M and Chouchane L. Matrix
metalloproteinase-1 (-1607) 1G/2G and -9
(-1562) C/T promoter polymorphisms: suscep-
tibility and prognostic implications in nasopha-
ryngeal carcinomas. Clin Chim Acta 2007;
384: 57-63.

Shimizu Y, Kondo S, Shirai A, Furukawa M and
Yoshizaki T. A single nucleotide polymorphism
in the matrix metalloproteinase-1 and interleu-
kin-8 gene promoter predicts poor prognosis in
tongue cancer. Auris Nasus Larynx 2008; 35:
381-389.

Jin X, Kuang G, Wei LZ, Li Y, Wang R, Guo W,
Wang N, Fang SM, Wen DG, Chen ZF and
Zhang JH. No association of the matrix metal-
loproteinase 1 promoter polymorphism with
susceptibility to esophageal squamous cell
carcinoma and gastric cardiac adenocarcino-
ma in northern China. World J Gastroenterol
2005; 11: 2385-2389.

Matsumura S, Oue N, Kitadai Y, Chayama K,
Yoshida K, Yamaguchi Y, Toge T, Imai K,
Nakachi K and Yasui W. A single nucleotide
polymorphism in the MMP-1 promoter is cor-
related with histological differentiation of gas-
tric cancer. J Cancer Res Clin Oncol 2004;
130: 259-265.

Dey S, Ghosh N, Saha D, Kesh K, Gupta A and
Swarnakar S. Matrix metalloproteinase-1
(MMP-1) Promoter polymorphisms are well
linked with lower stomach tumor formation in
eastern Indian population. PLoS One 2014; 9:
e88040.

Hinoda Y, Okayama N, Takano N, Fujimura K,
Suehiro Y, Hamanaka Y, Hazama S, Kitamura
Y, Kamatani N and Oka M. Association of func-
tional polymorphisms of matrix metalloprotein-
ase (MMP)-1 and MMP-3 genes with colorectal
cancer. Int J Cancer 2002; 102: 526-529.
Woo M, Park K, Nam J and Kim JC. Clinical im-
plications of matrix metalloproteinase-1, -3, -7,
-9, -12, and plasminogen activator inhibitor-1
gene polymorphisms in colorectal cancer. J
Gastroenterol Hepatol 2007; 22: 1064-1070.
de Lima JM, de Souza LG, da Silva ID and
Forones NM. E-cadherin and metalloprotein-
ase-1 and -7 polymorphisms in colorectal can-
cer. Int J Biol Markers 2009; 24: 99-106.
Kouhkan F, Motovali-Bashi M and Hojati Z. The
influence of interstitial collagenase-1 genotype
polymorphism on colorectal cancer risk in
Iranian population. Cancer Invest 2008; 26:
836-842.

Hughes S, Agbaje O, Bowen RL, Holliday DL,
Shaw JA, Duffy S and Jones JL. Matrix metallo-
proteinase single-nucleotide polymorphisms
and haplotypes predict breast cancer progres-
sion. Clin Cancer Res 2007; 13: 667 3-6680.

1445

[30]

[31]

(32]

(33]

[34]

[35]

(36]

[37]

(38]

[39]

[40]

[41]

[42]

Przybylowska K, Kluczna A, Zadrozny M,
Krawczyk T, Kulig A, Rykala J, Kolacinska A,
Morawiec Z, Drzewoski J and Blasiak J.
Polymorphisms of the promoter regions of ma-
trix metalloproteinases genes MMP-1 and
MMP-9 in breast cancer. Breast Cancer Res
Treat 2006; 95: 65-72.

Fang S, Jin X, Wang R, Li Y, Guo W, Wang N,
Wang Y, Wen D, Wei L and Zhang J.
Polymorphisms in the MMP1 and MMP3 pro-
moter and non-small cell lung carcinoma in
North China. Carcinogenesis 2005; 26: 481-
486.

Fong YC, Dutton CM, Cha SS, Garamszegi N,
Sim FH and Scully SP. Absence of a correlation
between the presence of a single nucleotide
polymorphism in the matrix metalloproteinase
1 promoter and outcome in patients of chon-
drosarcoma. Clin Cancer Res 2004; 10: 7329-
7334.

Lai HC, Chu CM, Lin YW, Chang CC, Nieh S, Yu
MH and Chu TY. Matrix metalloproteinase 1
gene polymorphism as a prognostic predictor
of invasive cervical cancer. Gynecol Oncol
2005; 96: 314-319.

Albayrak S, Canguven O, Goktas C, Aydemir H
and Koksal V. Role of MMP-1 1G/2G promoter
gene polymorphism on the development of
prostate cancer in the Turkish population. Urol
Int 2007; 79: 312-315.

Mantel N and Haenszel W. Statistical aspects
of the analysis of data from retrospective stud-
ies of disease. J Natl Cancer Inst 1959; 22:
719-748.

DerSimonian R and Laird N. Meta-analysis in
clinical trials. Control Clin Trials 1986; 7: 177-
188.

Egger M, Davey Smith G, Schneider M and
Minder C. Bias in meta-analysis detected by a
simple, graphical test. BMJ 1997; 315: 629-
634.

Chambers AF and Matrisian LM. Changing
views of the role of matrix metalloproteinases
in metastasis. J Natl Cancer Inst 1997; 89:
1260-1270.

Fowlkes JL, Thrailkill KM, Serra DM, Suzuki K
and Nagase H. Matrix metalloproteinases as
insulin-like growth factor binding protein-de-
grading proteinases. Prog Growth Factor Res
1995; 6: 255-263.

Noel A, Jost M and Maquoi E. Matrix metallo-
proteinases at cancer tumor-host interface.
Semin Cell Dev Biol 2008; 19: 52-60.

Tower GB, Coon Cl, Belguise K, Chalbos D and
Brinckerhoff CE. Fra-1 targets the AP-1 site/2G
single nucleotide polymorphism (ETS site) in
the MMP-1 promoter. Eur J Biochem 2003;
270: 4216-4225.

Murray Gl, Duncan ME, Arbuckle E, Melvin WT
and Fothergill JE. Matrix metalloproteinases

Int J Clin Exp Med 2016;9(2):1435-1446



[43]

[44]

[45]

1446

Associations between MMP-1 polymorphism and cancer metastasis

and their inhibitors in gastric cancer. Gut
1998; 43: 791-797.

Murray Gl, Duncan ME, O’'Neil P, McKay JA,
Melvin WT and Fothergill JE. Matrix metallopro-
teinase-1 is associated with poor prognosis in
oesophageal cancer. J Pathol 1998; 185: 256-
261.

Moser PL, Kieback DG, Hefler L, Tempfer C,
Neunteufel W and Gitsch G. Immuno-
histochemical detection of matrix metallopro-
teinases (MMP) 1 and 2, and tissue inhibitor of
metalloproteinase 2 (TIMP 2) in stage IB cervi-
cal cancer. Anticancer Res 1999; 19: 4391-
4393.

Berend KR, Toth AP, Harrelson JM, Layfield LJ,
Hey LA and Scully SP. Association between ra-
tio of matrix metalloproteinase-1 to tissue in-
hibitor of metalloproteinase-1 and local recur-
rence, metastasis, and survival in human
chondrosarcoma. J Bone Joint Surg Am 1998;
80: 11-17.

[46]

[47]

(48]

[49]

Yan C and Boyd DD. Regulation of matrix me-
talloproteinase gene expression. J Cell Physiol
2007; 211: 19-26.

Kanamori Y, Matsushima M, Minaguchi T,
Kobayashi K, Sagae S, Kudo R, Terakawa N
and Nakamura Y. Correlation between expres-
sion of the matrix metalloproteinase-1 gene in
ovarian cancers and an insertion/deletion
polymorphism in its promoter region. Cancer
Res 1999; 59: 4225-4227.

Peng B, Cao L, Wang W, Xian L, Jiang D, Zhao J,
Zhang Z, Wang X and Yu L. Polymorphisms in
the promoter regions of matrix metalloprotein-
ases 1 and 3 and cancer risk: a meta-analysis
of 50 case-control studies. Mutagenesis 2010;
25: 41-48.

Liu D, Guo H, Li Y, Xu X, Yang K and Bai Y.
Association between polymorphisms in the
promoter regions of matrix metalloproteinases
(MMPs) and risk of cancer metastasis: a meta-
analysis. PLoS One 2012; 7: e31251.

Int J Clin Exp Med 2016;9(2):1435-1446



