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Abstract: Aim: Matrix metalloproteinase-1 (MMP-1) polymorphisms are related to elevated susceptibility of tumor 
development and poor prognosis of patients in several cancers. The current study aimed to determine whether 
MMP-1 polymorphisms were associated with the risk and prognosis of osteosarcoma patients. Methods: MMP-1-
1607 1G/2G genotype variants were identified using denaturing high performance liquid chromatography (DHPLC) 
and DNA sequencing techniques. χ2 test was used to evaluate the association of the polymorphisms and clinical 
characteristics. Results: The Kaplan-Meier and Cox regression analysis were performed to detect the prognostic 
values of MMP-1 polymorphisms. Our findings exhibited that 1G/2G (OR=4.219, 95% CI=2.040-8.728, P<0.05) and 
2G/2G (OR=8.770, 95% CI=3.657-21.030, P<0.05) variants presented more frequently in osteosarcoma patients 
while 1G/1G was less common in osteosarcoma patients. Moreover, there was significant association between 
MMP-1-1607 1G/2G genotype and clinicopathologic characteristics including Enneking stages, distant metasta-
sis, response to chemotherapy and recurrence while no relations were found in gender and age. Conclusions: 
Osteosarcoma patients with 1G/2G genotype and 2G/2G. Genotype presented a shorter survival time compared 
with those with 1G/1G via Kaplan-Meier analysis (P=0.000). Cox regression analysis suggested that MMP-1-1607 
1G/2G (HR=3.657, 95% CI=1.020-13.109, P=0.047) and 2G/2G (HR=12.028, 95% CI=3.089-46.861, P=0.000) 
genotypes and recurrence (HR=2.513, 95% CI=1.253-5.040, P=0.009) might be potential prognostic markers of 
osteosarcoma patients. Taken together, our studies demonstrated that MMP-1 polymorphisms was related with the 
risk of osteosarcoma and possessed important prognostic value.
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Introduction

Osteosarcoma (OS) is one of the most common 
primary bone malignancy and mostly appears 
in the blood circulation-abundant metaphyseal 
of long bone including distal femur and proxi-
mal tibia [1, 2]. It accounts for 5% of childhood 
cancers and 8.9% of cancer-related deaths in 
children [3]. Osteosarcoma is known as the dis-
ease resulted from tumor tissue erosion and 
bone cortex dissolution in tumor site. As it has 
a high rate of metastasis, the 5-year survival 
rate and the cure rate are both very low. With 
the development of comprehensive therapies, 
the 5-year survival rate has raised to 60-70% 
[4, 5]. However, improvements in osteosarco-
ma survival during the last decade have been 

limited and the patients with osteosarcoma are 
still with a high mortality [6]. It is difficult to ulti-
mately heal osteosarcoma through traditional 
treatment thus a large portion of sufferers still 
present local relapse or distant metastasis 
after operation or chemotherapy [7, 8]. Clearly, 
new treatment strategies are needed and it is 
of great significance to identify and screen 
novel tumor markers to predict osteosarcoma.

Matrix metalloproteinase-1 (MMP-1), a member 
of MMP family, is an endogenous peptide 
enzyme which most widely expresses in inter-
stitial collagenase that can degrade extracellu-
lar matrix. It is involved in many stages of 
tumorigenesis such as promote tumor growth 
via stimulating cellular proliferation, invasion 
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and migration, angiogenesis, and suppressing 
tumor cells apoptosis [9, 10]. MMP1-1607 
1G/2G (rs1799750) contains a guanine inser-
tion/deletion polymorphism at position-1607 
and is a functional single nucleotide polymor-
phism (SNP) that can up-regulate the expres-
sion of MMP1 [11, 12]. The association be- 
tween the MMP1-1607 1G/2G polymorphism 
and the emergence and development of sever-
al diseases including the risk of many cancers 
has been reported [11-18]. Besides, many 
studies have confirmed that MMP-1-1607 
1G/2G polymorphism also has an important 
prognostic value. However, the effects of MMP-
1-1607 1G/2G polymorphism on osteosarcoma 
remains unclear.

In this study, we aimed to investigate the geno-
type of MMP-1 polymorphism and explore the 
prognostic value of different genotypes in 

osteosarcoma patients. The research results 
were expected to provide a new strategy for the 
therapy of osteosarcoma.

Materials and methods

Case and control samples

A total of 110 osteosarcoma patients and 80 
healthy individuals were collected in the study 

Figure 1. Denaturing high performance liquid chro-
matography (DHPLC) was performed to determine 
MMP-1-1607 1G/2G genotype. 1G/2G genotype ap-
peared double peaks in DHPLC. Analysis displayed 
that single peak of 2G/2G genotype and 1G/1G 
genotype occurred after equally mixing the two PCR 
samples.

Figure 2. DNA sequences of MMP-1 gene in 110 
osteosarcoma patients and 80 healthy individuals 
were obtained using direct sequencing machine. 
One G base insertion caused polymorphism of MMP-
1-1607 1G/2G including 1G/1G, 1G/2G and 2G/2G 
genotypes.
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from May 12, 2009 to March 10, 2012. And the 
study was conducted in The First Affiliated 
Hospital of Chongqing Medical University and 
permitted by the Ethic Committee of the hospi-
tal. All participates had signed informed con-
sents in advance.

The tumor tissues and healthy tissues were 
obtained from the patients and controls, re- 
spectively. Then the tissues were frozen in liq-
uid nitrogen quickly and stored at -80°C for the 
following analysis. Besides a 5-year follow-up 
was conducted with the osteosarcoma patients. 
The clinical characteristics including age, gen-
der, Enneking stages, distant metastasis, re- 
sponse to chemotherapy and recurrence were 
recorded in a database. Patients who died  
from unexpected events or other diseases were 
excluded from our study.

DNA extraction and PCR amplification

The QIAamp DNA Mini Kit (Qiagen) was used to 
extract DNA from the patients and controls 
according to the proposals of manufacturer. 
The PCR amplification was conducted by 
AmpℓFSTR® Identifier® Plus PCR Amplification 
Kit (Life Technologies). The PCR reaction mix-
ture included 2.5 μl of 10× Ex Taq, 2 μl dNTP, 
0.3 μl forward-primer and 0.3 μl reverse-prim-
er, 2 μl DNA, 0.2 μl Ex Taq and 17.7 μl ddH2O. 
The reaction procedures were as follows: initial 
denaturation at 94°C for 5 min, 35 cycles of 
denaturation for 40 s at 94°C, annealing at 
56°C for 40 s, extension at 72°C for 40 s, and 
finally extension at 72°C for 10 min. The PCR 
products were preserved at 4°C.

Determination of the genotype

Denaturing high performance liquid chromatog-
raphy (DHPLC) was performed to detect the 
genotype of the MMP-1-1607 1G/2G using  
the WAVE system (Transgenomic, USA). Double 
peaks were considered to be 1G/2G heterozy-

A value of P<0.05 was considered to be statisti-
cally significant. The statistical analyses were 
carried out in the SPSS 20.0 software (SPSS 
Inc., Chicago, USA). χ2 test was performed to 
assess the variances in genotype distributions 
among groups and the association of geno- 
type and clinical characteristics, respectively. 
Besides, the relationship between genotypes 
of MMP-1 and the overall survival was explored 
via Kaplan-Meier analysis while the prognostic 
value was estimated by Cox regression.

Results

Identification and distribution of genotypes

DHPLC and DNA sequencing were used to 
determine MMP-1-1607 1G/2G genotype (Fig- 
ures 1 and 2). As displayed in Table 1. Genotype 
frequency of polymorphism site MMP-1-1607 
1G/2G in healthy individuals was agreed with 
Hardy-Weinberg (χ2=2.186, P=0.139), suggest-
ing samples were with good representative. 
The distribution of MMP-1-1607 1G/2G geno-
type in osteosarcoma patients was significant- 
ly different from that in control group. The risk  
of osteosarcoma patients carrying 1G/2G 
(OR=4.219, 95% CI=2.040-8.728, P<0.05) and 
2G/2G (OR=8.770, 95% CI=3.657-21.030, P< 
0.05) genotypes was higher than those carry-
ing 1G/1G genotype.

Relationship between MMP-1-1607 1G/2G 
and clinical characteristics in osteosarcoma

According to the genotypes, 110 osteosarcoma 
patients were divided into three groups includ-
ing 1G/1G (15.46%) group, 1G/2G (47.27%) 
group and 2G/2G (37.27%) group. The results 
of χ2 test showed that MMP-1-1607 1G/2G 
polymorphism was influenced by Enneking 
stages (χ2=12.858, P=0.012), distant metasta-
sis (χ2=21.998, P=0.000), response to chemo-
therapy (χ2=7.794, P=0.020) and recurrence 
(χ2=6.110, P=0.047) significantly (Table 2). 

Table 1. The genotypes of MMP-1-1607 1G/2G in 
osteosarcoma patients

Genotype OS 
group

Control 
group OR (95% CI) P

N 110 80
1G/1G 17 40 1.000 -
1G/2G 52 29 4.219 (2.040-8.728) P<0.05
2G/2G 41 11 8.770 (3.657-21.030) P<0.05

gous genotype, while single peak was con-
sidered as 1G/1G and 2G/2G genotype 
respectively, according to different reten-
tion time. Moreover, direct DNA sequenc-
ing was used to verify the outcome of 
DHPLC. The direct sequencing of DNA  
was conducted in ABI 3730 sequenator 
(Applied Biosystems).

Statistical analysis
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However, no correlations were observed betw- 
een genotype of MMP-1-1607 1G/2G with gen-

is less than 65% for localized osteosarcoma 
patients [20]. So prognostic markers are impor-

Table 2. Association of MMP-1-1607 1G/2G and clinical characteris-
tics in patients with osteosarcoma

Parameters N
Genotype

χ2 P
1G/1G 1G/2G 2G/2G

Total 110 17 52 41
Gender 4.391 0.111
    Male 96 13 44 39
    Female 14 4 8 2
Age 1.117 0.572
    ≤ 20 58 10 29 19
    > 20 52 7 23 22
Enneking stages 12.858 0.012
    I 22 3 12 7
    II 19 7 10 2
    III 69 7 30 32
Distant metastasis 21.998 0.000
    Positive 99 10 49 40
    Negative 11 7 3 1
Response to chemotherapy 7.794 0.020
    Poor 86 9 42 35
    Good 24 8 10 6
Recurrence 6.110 0.047
    Positive 79 8 40 31
    Negative 31 9 12 10

der (χ2=4.391; P=0.111) 
and age (χ2=1.117, P= 
0.572) in patients.

Prognostic value of MMP-
1-1607 1G/2G polymor-
phism in osteosarcoma 
patients

Association between the 
overall survival and differ-
ent genotypes of MMP-1 
was analyzed by Kaplan-
Meier analysis and tested 
via log rank test. The result 
demonstrated that pati- 
ents with MMP-1-1607 
1G/2G and 2G/2G geno-
type lived longer than 
those with 1G/1G geno-
type. Besides, the patients 
with 1G/2G genotype lived 
longer than patients with 
2G/2G genotype (Figure  
3, P=0.000). Cox regres-
sion analysis showed th- 
at recurrence (HR=2.513, 
95% CI=1.253-5.040, P= 
0.009) and the mutant ge- 
notypes (1G/2G and 2G/ 
2G) (HR=3.657, 95% CI= 
1.020-13.109, P=0.047 
and HR=12.028, 95% CI= 
3.089-46.861, P=0.000, 
respectively) were all influ-
encing factors in the prog-
nosis for osteosarcoma 
patients (Table 3). And 
they might be promising 
prognostic markers in pati- 
ents with osteosarcoma.

Discussion

Osteosarcoma is a differ-
entiation disease which is 
caused by genetic chang-
es that interrupt osteo-
blast differentiation from 
mesenchymal stem cells 
[19]. As the easy relapse 
of osteosarcoma, the prog-
nosis of this disease is 
very poor and the cure rate 

Figure 3. Kaplan-Meier analysis showed a shorter survival time of patients with 
1G/2G and 2G/2G genotypes than those with 1G/1G genotype (P=0.000).
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tant to osteosarcoma. Moreover, some com-
mon markers (including miRNAs, lncRNAs, and 
gene polymorphism) which predict the progno-
sis of osteosarcoma have been found recent 
years. In previous studies, there are many 
reports about the relationship between gene 
polymorphism and osteosarcoma. For instance, 
Jiang C et al. have found that rs1906953 in the 
glutamate receptor metabotropic 4 (GRM4) 
gene was not only associated with the metasta-
sis and prognosis but also related to the risk  
of osteosarcoma which indicated that GRM4  
polymorphism was a susceptive and prognostic 
factor in osteosarcoma [21]. Rho GTPase-
activating protein 35 rs1052667 polymorphism 
was studied and confirmed to be an indepen-
dent prognostic marker as well as a stimulative 
for the occurrence of osteosarcoma [22].

MMP-1 locates in the 11q22 of human chromo-
some and contains 10 exons and 9 introns. It 
usually expresses at low levels in most normal 
cells, while its expression reaches high levels 
both in tumor cells and stromal cells, which was 
closely related to tumorous local infiltrating 
growth and distant metastasis. Moreover, obvi-
ous association between prognosis and MMP-1 
gene was also discovered in some cancers 
including melanoma, ovarian cancer, endome-
trial cancer and gastric cancer [23, 24]. 1G/2G 
polymorphism lied in MMP-1 promoter -1607 
site could produce 5’-GGAT-3’ site bonding with 
Ets via G base insertion, and then drive MMP-1 
gene transcription and up-regulate expression 
[25]. MMP-1-1607 1G/2G polymorphism was 
verified to be linked with the risk of various  
diseases such as oral squamous cell carcino-
ma, nasopharyngeal carcinomas, periodontitis, 
chronic pancreatitis, and primary knee osteoar-
thritis [13, 26-29]. However, up to now the 
research about the relationship between MMP-
1-1607 1G/2G polymorphism and osteosarco-
ma is very scarce.

types compared to those with 1G/1G genotype 
which manifested the closely association be- 
tween MMP-1-1607 1G/2G polymorphism and 
the risk of osteosarcoma.

In addition, according to the study we found 
that MMP-1-1607 1G/2G polymorphism was 
impacted by several clinical characteristics 
including Enneking stage, distant metastasis, 
response to chemotherapy and recurrence. It 
indicated that MMP-1-1607 1G/2G polymor-
phism might take effects on the development 
process of osteosarcoma. To further analyze 
the prognostic value of MMP-1-1607 1G/2G 
polymorphism, Kaplan-Meier and Cox regres-
sion analysis were conducted. The result of 
Kaplan-Meier showed the survival time of 
osteosarcoma patients with genotype of 1G/1G 
was longer than patients with genotypes of 
1G/2G and 2G/2G. Meanwhile, Cox regression 
analysis revealed that MMP-1-1607 1G/2G 
polymorphism as well as recurrence was vital 
prognostic factors in osteosarcoma patients. 
And they might be independent prognostic 
markers.

In conclusion, our results have provided full 
proofs to validate that MMP-1 polymorphism 
can predict the munity and prognosis of osteo-
sarcoma. MMP-1-1607 1G/2G genotype and 
2G/2G genotype might be potential prognostic 
markers for osteosarcoma patients. These 
results are consistent with the previous studies 
and support the hypothesis that aberrant 
MMP-1 expression may relate with tumor pro-
gression. Whereas, the molecular mechanism 
and signal pathways about MMP-1-1607 1G/2G 
polymorphism in osteosarcoma still needs fur-
ther study.

Disclosure of conflict of interest

None.

Table 3. Multivariable Cox regression assay of osteosar-
coma indicators
Characteristics HR 95% CI P
Gender 0.761 0.312-10854 0.548
Metastasis 1.139 0.392-3.313 0.8111
Response to chemotherapy 1.233 0.591-2.574 0.577
Recurrence 2.513 1.253-5.040 0.009
1G/1G 1.000 - -
1G/2G 3.657 1.020-13.109 0.047
2G/2G 12.028 3.089-46.861 0.000

Our study gathered tissue samples from 
110 osteosarcoma patients and 80 nor-
mal subjects, extracted their DNA and 
detected the polymorphism site of MMP-
1-1607 1G/2G, thus explored the correla-
tion of MMP-1-1607 1G/2G polymor-
phism and osteosarcoma. The results 
showed that significant difference of 
MMP-1-1607 1G/2G genotype distribu-
tion occurred in patients with osteosar-
coma and healthy controls. It was more 
easily to suffer from osteosarcoma for 
people with 1G/2G and 2G/2G geno- 
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