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Abstract: High myopia is a common ocular genetic dis-
ease in theworld. The study sought to investigate the effect of
the Insulin-like growth factor-1 (IGF-1) and Matrix metallo-
proteinase-9 (MMP-9) genes polymorphisms on high myopia
in a Han population of China. This study recruited 216 unre-
lated Han Chinese subjects, including 103 cases with high
myopia and 113 controls. Four tagging single nucleotide
polymorphisms (SNPs) of IGF-1 andMMP-9 genes were gen-
otyped using the Sequenom MassARRAY method. The chi-
square test showed that the family history was significantly
correlated with myopia. The SNP genotypes were all in
Hardy–Weinberg equilibrium (P > 0.05). Among the four
SNPs, there were statistically significant differences in the
genotype and allele frequencies of rs2236416 between
the groups (P = 0.024). The significant associations of
rs2236416 between cases and controls also appeared after
Bonferroni multiple correction (P = 0.024). Then, there

were significant differences in the genotypes dominant
model and codominant model of rs2236416 between groups
(P = 0.007 and P = 0.004, respectively). rs5742632 showed a
significant difference between the cases and the controls in
the recessive model (P = 0.037). Our findings indicated that
rs2236416 of MMP-9 was associated with myopia in the
population. The result suggested MMP-9 gene locus may
play a role in myopia.
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1 Introduction

High myopia is a common genetic eye disease character-
ized by axis oculi elongation and pathological changes.
The incidence of myopia is increasing and has become
one of the major public health problems [1]. Notably, the
incidence of high myopia in Chinese high school students
has reached 10–20%, while among college and graduate
students, the rate has reached 18 and 23%, respectively
[2,3]. Myopia causes serious complications, including ret-
inal detachment, macular degeneration, and vision loss
[4]. There is no effective way to treat and prevent high
myopia now. Family and twin studies have shown a high
heritability of highmyopia [5–7]. Candidate genes, including
collagen genes, growth factor genes, and transcription factor
genes, have been found to be physically linked with genetic
markers of myopia [8]. Insulin-like growth factor-1 (IGF-1) is
a pluripotent cytokine exerting its effects in virtually all cell
types and plays a vital role in the nervous system [9]. IGF-1
gene also regulates the growth of eyeballs. Matrix metallo-
proteinase-9 (MMP-9) could remodel and degrade extracel-
lular matrix (ECM). The genes may play an important role in
the occurrence and development of high myopia [10,11]. It is
shown that the potential association between IGF-1 poly-
morphisms and myopia has been investigated in a recent
study [12]. However, the association studies of IGF-1 and
MMP-9 genes were performed in a different population,
and more single nucleotide polymorphisms (SNPs) on the
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way [13,14]. The signal for establishing the causes of myopia
serves as a tool for the development of research [15].

Here we verify the hypothesis that these polymorph-
isms were the genetic factors that may influence myopia.
Therefore, the present study will explore the association
of polymorphisms with myopia and possible pathogenic
factors in a Han population. A total of four SNPs in IGF-1
andMMP-9were selected, including rs5742632, rs10860860,
rs17576, and rs2236416.

2 Materials and methods

2.1 Participants

One hundred and three cases with high myopia were
recruited. The subjects who met the following criteria
were selected for the current study: (1) age between 17
and 23 years, (2) spherical equivalent (SE) in the eye of
more than −6.00 diopter (D), (3) axial length more than or
equal to 26 mm, and (4) without ocular disease and sys-
temic diseases. One hundred and thirteen cases of normal
control group had a SE less than −0.5 D, axial length less
than 26mm, and without systemic diseases. Cases and
controls were both Han Population of Shandong Province.

Informed consent: Informed consent has been obtained
from all the individuals included in this study.

Ethical approval: The research related to human use has
been complied with all the relevant national regulations,
institutional policies and in accordance with the tenets of
the Helsinki Declaration, and has been approved by the
Ethics Committee of Shandong First Medical University.

2.2 DNA extraction

Peripheral venous blood (5 mL) of the subjects was col-
lected, placed in EDTA blood vessels, numbered, and
stored at –80°. Genomic DNA was extracted using TIANamp
Genomic DNA Kit (Tiangen Biotech (Beijing) Co., Ltd),
according to the instructions. The quality of the DNA
was identified by agarose gel electrophoresis.

2.3 Selection and genotyping of SNPs

Based on HapMap data for Han Chinese, the taggers used
the following criteria for SNP selection: pairwise tagging

algorithm, r2 > 0.8, and minor allele frequency (MAF) >0.05.
The selected candidate sites, rs5742632, rs10860860, rs17576,
and rs2236416, were available in GenBank.

Genotyping was performed by using the Sequenom
MassARRAY platform. The primers were designed by
Assay Design 3.1 software.

2.4 Statistical analysis

Genotype and allelic frequencies were calculated, and the
data were tested for Hardy–Weinberg (HWE) equilibrium
using SPSS 20.0 software. The differences of genotype
and allele frequencies were compared among the groups
by chi-square test. Logistics regression analysis was used
to calculate the genotype and allele ratio (odds ratio) and
95% confidence interval ( CI). Bonferroni’s correction was
applied for multiple comparisons. P < 0.05 was defined as
statistical significance.

3 Results

3.1 Study participants

The study included 216 unrelated Chinese Han popula-
tion subjects, including 103 cases (64 female and 39 male,
age 17–20) with high myopia and 113 controls (67 female
and 46 male, age 17–20). There was no significant
difference in age and gender between the cases and
controls (P = 0.212 and P = 0.671, respectively). The
proportion of cases with family history was 55.4%. The
prevalence of myopia among students whose parents
were not myopic was 44.66%. The data showed an asso-
ciation between family history and the presence of
myopia (P < 0 .001).

3.2 SNP analysis and genetic association
study

The selected SNPs were successfully genotyped within
HWE in both the groups (P > 0.05, Table 1). The informa-
tion on the SNPs is shown in Table 1. There were signifi-
cant differences in genotype distributions of rs2236416
between the two groups after Bonferroni correction (P =
0.024) (Table 1). There were significant differences between
the genotypes dominant and codominantmodels of rs2236416
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between groups (P = 0.007 and P = 0.004, respectively).
rs5742632 showed a significant difference between the cases
and the controls in the recessive model (P = 0.037) (Table 2).

The mean age of onset with the G allele of rs2236416
SNP (G/G or G/A genotype; 11.00 ± 0.000 years or 11.29 ±
1.773 years) was lower than those without (A/A genotype;
11.42 ± 1.910 years), which did not reach a statistical sig-
nificance (P = 0.104). There were no significant differ-
ences between the age of onset and the genotype distri-
bution of rs5742632, rs1086086,0, and rs17576 (P = 0.902,
P = 0.342, and P = 0.870, respectively) (Table 3).

4 Discussion

The study explored the association between the SNPs
(rs5742632, rs10860860, rs17576, and rs2236416) of IGF-1 and
MMP-9 and highmyopia in a Han population. Consistent with
expectations, we found a significant association between
rs2236416 and high myopia. These results are, to some extent,
in line with the previous research [13,15].

IGF-1 gene is located in the MYP3 locus on chromo-
some 12q23.2, which is similar to insulin in structure and
takes part in many physiological processes, including

Table 1: Genotype distributions for the SNPs in groups

SNP Location Alleles Minor alleles Genotype Case Control P-value HWE-P

rs5742632 102462696 A G GG/GA/AA 14/56/29 29/51/33 0.090 0.116
rs10860860 102387055 A T AA/AT/TT 68/27/6 73/34/5 0.777 0.153
rs17576 46011586 G A AA/AG/GG 5/48/50 7/54/52 0.877 0.123
rs2236416 46011936 A G AA/GA/GG 88/14/1 79/31/3 0.024 0.603

HWE-p, the P value of Hardy–Weinberg equilibrium.

Table 3: Association between genotypes of 4 SNPs and age of onset in case group

SNP Genotype Age of onset SD F value P value

rs5742632 AA/GA/GG 11.48/11.29/11.36 1.844/1.826/2.240 0.104 0.902
rs10860860 AA/AT/TT 11.51/11.00/12.00 1.706/2.201/1.549 1.085 0.342
rs17576 AA/AG/GG 11.20/11.32/11.50 1.924/1.810/1.963 0.140 0.870
rs2236416 AA/GA/GG 11.42/11.29/11.00 1.910/1.773/0.000 0.053 0.948

SD standard deviation; F value for the joint hypotheses test.

Table 2: Genotype distributions for the 4 SNPs in high myopia and control groups

Codominant Dominant Recessive

SNP Genotype Case Control OR (95%CI) P OR (95%CI) P OR (95%CI) P

rs5742632 GG 14 29 1.140 (0.642–2.025) 0.654 0.996 (0.550–1.802) 0.989 2.096 (1.035–4.244) 0.037
GA 56 51
AA 29 33

rs10860860 AA 68 73 1.051 (0.611–1.809) 0.858 1.101 (0.623–1.945) 0.741 0.740 (0219–2.502) 0.627
AT 27 34
TT 6 5

rs17576 AA 5 7 1.127 (0.668–1.902) 0.653 1.107 (0.648–1.889) 0.710 1.294 (0.398–4.212) 0.668
AG 48 54
GG 50 52

rs2236416 AA 88 79 2.576 (1.331–4.986) 0.004 2.525 (1.280–4.980) 0.007 2.782 (0.285–27.174) 0.359
AG 14 31
GG 1 3

OR, odds ratio; CI, confidence interval.
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aging, apoptosis, development, cellular growth metabo-
lism, and protein translation [16]. It is a single-chain pep-
tide composed of 70 amino acids which play an important
role in human growth and development [17]. IGF-1 has
been listed as a potential myopia-related gene in animal
experiments and in-body research and is considered to
play an important role in controlling eyeball growth. The
associations between two SNPs of IGF-1 (rs10860860
and rs2946834) and high myopia (P < 0.05) have been
indicated to be significant in a Polish population [18].
rs2162679 in IGF-1was associated with myopia in a young
Chinese population [12]. These results do not agree with
our findings. The phenomenon may be due to different
geographical ethnic groups. Our result was confirmed by
additional analyses confirmed in Japanese patients [19].
Miyake reported rs6214 and rs5742632 were not asso-
ciated with high myopia from the different statistical ana-
lysis methods [19]. Furthermore, Zidan demonstrated that
rs6214 was associated with high myopia in an Egyptian
population [20]. The phenotype of high myopia-causing
genes may change as a result of ethnic differences. The
varied genetic background of patients may also lead to
different results in the association studies.

MMP-9 gene, located on chromosome 20q11.2-q13.1,
is an endopeptidase that is considered as an important
factor in the development of the axial length of the eye.
The established study suggested thatMMP-9 could remodel
and degrade the extracellular matrix (ECM) [21]. It has an
important effect on the growth and development process of
the eye by cleaving denatured collagen and type IV collagen
in the basement membrane [22]. The association studies
became focused on the effects of MMP-9 on glaucoma
[23]. According to clinical statistics, patients with myopia
have higher intraocular pressure and are more susceptible
to open-angle glaucoma. The debate about the role of myopia
in the progress of glaucoma is still continuing. Schache found
no association between rs17156 and high myopia in an Aus-
tralian population [14]. However, our findings suggested that
rs2236416 was significantly associated with high myopia in
the Han Chinese population. This conclusion was confirmed
in another report [24]. rs2236416 is an intron variant. Although
the precise molecular mechanism observations are unclear, a
possible explanation is that this variant of the MMP-9 gene
may lead to the modified expression of this gene in high
myopia.

Family history has an important effect on the occur-
rence of myopia, especially when both parents suffer from
this disease [25]. Pacella investigated that the probability
of children with two myopia parents falling ill to the dis-
ease was 6.42 times higher than children with one or both
healthy parents [26]. Similar to the result, this study shows

that cases with two or one myopia parents are more likely to
develop myopia (P < 0.001) than without myopia parents.

The association between genes and the age of onset
of high myopia had been found in previous research
[27,28]. In the present study, question regarding the rela-
tionship between polymorphisms and the age of onset of
high myopia also appeared. An unexpected answer is
that no significant association was found. Large sample
size is needed to give a certain level of confidence in
further research. Further replication studies are needed
to validate our findings.

5 Conclusion

We found the significant effect of genetic factors on high
myopia and identified an association between rs2236416
and high myopia in some Han Chinese populations. The
study focused on some new loci in a specific population.
Interestingly, the associations between rs5742632 and high
myopia have been indicated to be significant in the geno-
types recessive model. This conclusion requires further
research. The polymorphisms were significantly correlated
to the occurrence risk of high myopia. The association of
the polymorphisms with family history and the age of onset
of high myopia were investigated. Larger sample size and
more SNPs are needed to explore themechanism ofmyopia.
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