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Aim: To investigate the association between high myopia (HM) and single nucleotide polymorphisms (SNPs) in
the myocilin (MYOC), hepatocyte growth factor (HGF), hepatocyte growth factor receptor (MET), and aggrecan
(ACAN) genes in a Han Chinese population. Methods: Sixteen SNPs were genotyped by the SNaPshot method
in a subject group composed of 1052 HM patients and 1070 controls. Statistical analysis was performed to
determine the association between the SNPs and the susceptibility of HM. Results: Two SNPs (rs3784757
and rs1516794) in ACAN were significantly associated with HM ( p = 0.0334 and 0.0236, odds ratio [OR] = 0.83
and 0.79, respectively). The risk haplotype CA and the protective haplotype TT, generated by rs3784757 and
rs1516794, showed significant association with HM ( p = 0.0327 and 0.0304, OR = 1.21 and 0.80, respectively).
Two SNPs (rs38857 and rs10215153) in MET and one SNP (rs3784757) in ACAN showed significant associ-
ation with HM ( p = 0.0064, 0.0113, and 0.0373; OR = 4.14, 5.74 and 0.52; respectively) in the recessive model.
None of the other SNPs showed significant association with HM. Conclusions: Our results suggested that
genetic variants in ACAN and MET are associated with HM. Functional roles of ACAN and MET in the
development of HM need to be further investigated.

Introduction

H igh myopia ( £ - 6.0 diopters) is a disorder that can
cause poor eyesight by refractive error, bringing about a

loss of visual acuity due to severe complications of glaucoma,
retinal or choroid detachment (Celorio and Pruett, 1991), and
macular degeneration (Burton, 1989). It has the highest
prevalence in East Asian populations. The prevalence of high
myopia (HM) in a rural Chinese adult population and Sin-
gapore adult Chinese population was 1.8% and 9.1% (Wong
et al., 2000; Liang et al., 2009). However, the treatments for
HM are limited and the pathogenesis of HM remains unclear.

It is believed that myopia is a complex disease caused by
the interaction of multiple genetic and environmental factors.
However, HM is highly heritable, where genetic predisposi-
tion seems to be a dominant factor (Dirani et al., 2006).
Identification of genes responsible for myopia, especially

HM, is very important but very difficult, although several loci
for HM have been mapped (Yang et al., 2009; Ma et al., 2010;
Shi et al., 2011a, 2011b; Wojciechowski, 2011). However, no
convincing causal genes have yet been identified at these loci.
Recently, the candidate gene association studies of HM or
refractive error have led to the identification of several sus-
ceptible genes including the myocilin (MYOC) gene, the he-
patocyte growth factor (HGF) gene, the hepatocyte growth
factor receptor (MET) gene, and the aggrecan (ACAN) gene
(Han et al., 2006; Tang et al., 2007; Vatavuk et al., 2009;
Yanovitch et al., 2009; Yip et al., 2011). To further investigate
whether these genes are associated with HM in Han Chinese,
16 single nucleotide polymorphisms (SNPs), which were
previously reported to be associated with myopia or HM of the
MYOC, HGF, MET, and ACAN genes, have been chosen to be
tested in this study in a Han Chinese population composed of
1052 HM cases and 1070 normal controls.
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Materials and Methods

Ethics statement

All procedures used in this study conformed to the tenets of
the Declaration of Helsinki. The Institutional Review Board
and the Ethics Committee of the Affiliated Hospital of
Qingdao University School of Medicine of China and Si-
chuan Academy of Medical Sciences & Sichuan Provincial
People’s Hospital approved the protocols used. Informed
consent was obtained from all participants.

Subjects

All of the participants in this study were drawn from the
Chinese Han population. All individuals (HM patients and
normal controls) were recruited at the clinic and ward of the
ophthalmic department, the Affiliated Hospital of Qingdao
University School of Medicine of China. All subjects un-
derwent standard ophthalmologic examinations, including
uncorrected visual acuity testing, best-corrected visual acuity
testing, dilated pupillary indirect ophthalmoscopic exami-
nation of the fundus, slit-lamp biomicroscopic examination
of the anterior chamber, intraocular pressure examination
by Goldman applanation tonometer, keratometry by kerato-
meter, optometry, and measurement of axial length by ul-
trasound (CINE SCAN, French). The diagnosis for HM in
this study required the spherical equivalent to be less than or
equal to - 6.0 diopter sphere (DS) in at least one eye and the
axial length of the eye globe to be longer than or equal to
26.0 mm. Individuals were excluded from the study if they
had undergone ocular procedures that might alter refraction,
or if they had other symptoms besides HM (e.g., besides eye
problems, individuals with Stickler syndrome suffer from
distinctive facial abnormalities, hearing loss, and joint phe-
notypes). For the controls, the criteria were a spherical
equivalent from - 1.0 to + 1.0 DS and no evidence of disease
in either eye. All of the controls were unrelated individuals to
the HM cases and to themselves. A total of 1052 unrelated
patients with HM and 1070 normal controls were analyzed in
this study (Table 1).

SNP selection and genotyping

We selected 16 SNPs that were previously reported to be
associated with myopia or HM at the loci of the MYOC, HGF,
MET, and ACAN genes (Han et al., 2006; Tang et al., 2007;
Vatavuk et al., 2009; Yanovitch et al., 2009; Yip et al., 2011).
Venous blood from each subject was drawn and collected
in an EDTA tube. Genomic DNA was extracted from the
blood by serial phenol/chloroform extraction and ethanol
precipitation. SNP genotyping was performed with the dye
terminator-based SNaPshot method (Applied Biosystems,

Foster City, CA). SNP analysis was performed on the ABI
3130 Genetic Analyzer (Applied Biosystems). The SNP re-
ported in this article has a genotyping success rate of 97%
accuracy as judged by random re-genotyping of 5% of the
samples in the cohort.

Haplotype analysis

The linkage disequilibrium (LD) block structure was ex-
amined using the program Haploview (Vision 4.2). The D¢
values and r-values for all pairs of SNPs were calculated, and
the haplotype blocks were estimated using the program
Haploview (Vision 4.2). The haplotype frequencies between
cases and controls were compared using v2 analysis.

Statistical analysis

The Hardy–Weinberg equilibrium (HWE) for the SNPs
was calculated by the v2 test. All analyses were adjusted for
age and sex on total cohorts. Allele and genotype frequencies
between cases and controls were compared with the v2

analysis. Statistical significance was defined as p < 0.05. All
statistical analyses were performed using the software SPSS
version 10.0. Correction for multiple testing was analyzed by
the Bonfferoni method. Genetic power was calculated by
using the software ‘‘Power and Sample Size Program’’ (PS
version 3.0.43) (Dupont and Plummer, 1998).

Results

SNP analysis

The 16 selected SNPs were successfully genotyped and
were within HWE in both case and control groups ( p > 0.001,
Table 2). The SNP frequencies of the controls in this study
were similar to those of Han Chinese Beijing available in
HapMap database, which implied reliable genotyping data in
the study.

We found that rs3784757 and rs1516794 in the ACAN
locus were significantly associated with HM in this study
(allelic p = 0.0334 and 0.0236, respectively; odds ratio [OR]
[95% confidence interval (CI)] = 0.83 [0.70, 0.99] and 0.79
[0.64, 0.97], respectively; Table 2). None of the other 14
SNPs showed significant difference between the case and
control groups (allelic p > 0.05, Table 2). We also tested the
association between these SNPs and HM by using dominant
and recessive models. We found that two SNPs (rs38857 and
rs10215153) in the MET gene and one SNP (rs3784757) in
the ACAN gene were significantly associated with HM of
recessive model ( p = 0.0064, 0.0113, and 0.0373, respec-
tively; OR = 4.14 [95% CI: 1.38, 12.43], 5.74 [95% CI: 1.27,
25.95], and 0.52 [95% CI: 0.28, 0.97], respectively; Table 3),
while the other SNPs showed no association between the

Table 1. Characteristics of High Myopia Cases and Controls in the Study

Refractive errors (diopter) Axial length (mm)

Group
Total

number
Male
(%)

Female
(%)

Average
age (years)a

Age range
(years) OD OS OD OS

Cases 1052 598 (56.8) 467 (43.2) 47.65 – 16.48 11–78 - 9.14 – 2.77 - 9.45 – 2.93 27.82 – 1.71 28.03 – 1.94
Controls 1070 587 (54.9) 602 (45.1) 61.12 – 12.03 40–75 - 0.45 – 0.41 - 0.48 – 0.39 23.02 – 0.53 23.11 – 0.47

aThe values are given in – standard deviation.
OD, right eye; OS, left eye.
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cases and controls in both dominant and recessive models
( p > 0.05, Table 3).

We performed a power analysis to rule out false negatives.
We have calculated the genetic power of all the tested SNPs
by using the software ‘‘Power and Sample Size Program’’
(PS version 3.0.43) and the power values ranged from 0.951
to 0.986.

Haplotype analysis

We then performed haplotype analysis by using Haplo-
view 4.2 software to examine the LD block structure of the 16
SNPs in the MYOC, HGF, MET, and ACAN genes. As shown
in Figure 1A, two LD blocks were located in the MYOC gene
including three and two SNPs, respectively. rs2285194 and
rs3735520 of the HGF gene were not in the same LD block
with the D¢ of 0.82 (Fig. 1B). rs2073560 and rs1621 were in
the same LD block of the MET gene with the D¢ of 0.97 (Fig.
1C). rs3784757 and rs1516794 in the ACAN gene were in the
same LD block with the D¢ of 0.99 (Fig. 1D).

The risk haplotype CA and the protection haplotype TT
generated by rs3784757 and rs1516794 were significantly

associated with HM ( p = 0.0327 and 0.0324, respectively;
Table 4) with OR of 1.21 (95% CI: 1.02, 1.43) and 0.80 (95%
CI: 0.65, 0.98), respectively. However, the other haplotypes
showed no significant association between the case and
control groups ( p > 0.05, Table 5 and 6).

Discussion

Recently, MYOC, HGF, MET, and ACAN SNPs were re-
ported to lead susceptibility for HM (Han et al., 2006; Tang
et al., 2007; Vatavuk et al., 2009; Yanovitch et al., 2009; Yip
et al., 2011). However, controversy exists in the previous
studies regarding the association between them and HM
(Khor et al., 2009; Schache et al., 2009; Zayats et al., 2009).
In this study, we found that SNPs in the MET and ACAN
genes but not in the MYOC and HGF genes were associated
with HM in a Han Chinese population.

The myocilin gene (MYOC; OMIM 601652), located on
chromosome 1q24-q25, is expressed in many human eye
tissues, including the trabecular meshwork cells (TMC),
sclera, ciliary body, iris, choroids, and retina (Adam et al.,
1997), and the secreted protein is present in the aqueous

Table 2. Association Between High Myopia and 16 Single Nucleotide Polymorphisms

of the MYOC, HGF, MET, and ACAN Genes in the Han Chinese Population

Gene SNP Chr BP
Minor
allele

Number
(case/control)

MAF
(case/control)

p_HWE
(case/control) p_allelica

Odds
ratio (95% CI)

MYOC rs235858 1 169863125 C 1052/1070 0.494/0.503 0.322/0.087 0.5588 0.96 (0.86, 1.09)
rs2421853 1 169866576 A 1046/1064 0.210/0.194 0.843/0.033 0.1887 1.11 (0.95, 1.29)
rs7545646 1 169873362 C 1019/1039 0.012/0.013 0.704/0.671 0.7242 0.91 (0.52, 1.57)
rs16864720 1 169878890 A 1048/1064 0.012/0.013 0.684/0.675 0.9341 0.98 (0.57, 1.68)
rs7523603 1 169880993 C 1046/1062 0.259/0.278 0.878/0.363 0.1601 0.91 (0.79, 1.04)
rs235920 1 169888598 C 1050/1064 0.436/0.428 0.403/0.001 0.6173 1.03 (0.91, 1.17)
rs2075537 1 169890456 T 1045/1068 0.437/0.459 0.266/0.694 0.1603 0.92 (0.81, 1.04)

HGF rs2286194 7 81193385 A 1050/1064 0.184/0.193 0.006/0.490 0.4859 0.95 (0.81, 1.10)
rs3735520 7 81238875 T 1052/1066 0.438/0.443 0.103/0.709 0.7648 0.98 (0.87, 1.11)

MET rs9641562 7 116110027 C 1050/1068 0.090/0.104 0.004/0.034 0.1128 085 (0.69, 1.04)
rs38857 7 116152649 T 1052/1066 0.110/0.096 0.295/0.041 0.1305 1.17 (0.96, 1.42)
rs10215153 7 116186367 A 1052/1070 0.105/0.091 0.842/0.012 0.1147 1.18 (0.96, 1.44)
rs2073560 7 116210397 A 1049/1068 0.288/0.304 0.790/0.434 0.2703 0.93 (0.81, 1.06)
rs1621 7 116224842 G 1050/1068 0.132/0.122 0.707/0.579 0.3197 1.10 (0.91, 1.31)

ACAN rs3784757 15 87204408 T 1052/1068 0.131/0.154 0.401/0.390 0.0334 0.83 (0.70, 0.99)
rs1516794 15 87205907 T 1052/1068 0.084/0.104 0.584/0.418 0.0236 0.79 (0.64, 0.97)

ap-values were adjusted for age and sex.
BP, base position; Chr, chrosome; MAF, frequency of minor allele; p_HWE, the p_value of Hardy–Weinberg equilibrium; CI, confidence

interval; SNP, single nucleotide polymorphism.

Table 3. Genotype Analysis of rs38857, rs10215153, and rs3784757 in High Myopia Cases and Controls

Gene SNP Chr BP Genotype Case n (%) Control n (%) p OR (95% CI)

MET rs38857 7 116152649 TT 16 (1.5) 4 (0.4) 0.0064 4.14 (1.38, 12.43)
CT 199 (18.9) 196 (18.4)
CC 837 (79.6) 866 (81.2)

MET rs10215153 7 116186367 AA 11 (1.0) 2 (0.2) 0.0113 5.74 (1.27, 25.95)
AG 199 (18.9) 190 (17.8)
GG 842 (80.0) 878 (82.1)

ACAN rs3784757 15 87204408 TT 15 (1.4) 29 (2.7) 0.0373 0.52 (0.28, 0.97)
CT 246 (23.4) 271 (25.4)
CC 791 (75.2) 768 (71.9)

p, the p-value of recessive model; OR, the odds ratio of homozygote.
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humor (Tamm, 2002). MYOC is well known for its role in
glaucoma (Polansky, 2003; Gong et al., 2004). From clinical
statistics, myopia patients are susceptible to open-angle glau-
coma (Perkins and Phelps, 1982; Mastropasqua et al., 1992;
Grødum et al., 2001), and there is evidence of higher intra-
ocular pressure in myopic eyes compared with emmetropic
eyes (Wu et al., 2000). Additionally, some factors, such as
bFGF, that stimulate myocilin expression in TMC have also
been implicated in the regulation of postnatal eye growth and
myopia (Rohrer et al., 1997; Lin et al., 2006; Andrew et al.,
2008). Association between MYOC and HM was first reported

in a population-based case–control study of Chinese ethnicity
in Singapore (Wu et al., 1999). However, the results of the
following studies between MYOC and HM were inconsistent
and were even conflicting in the same ethical origin popula-
tions (Leung et al., 2000; Zayats et al., 2009). In the present
study, we examined the association between seven SNPs in the
MYOC gene and their haplotypes and HM in a Han Chinese
population. We found no evidence to support a significant
association between MYOC polymorphisms and HM (Table
2). More work should be carried out to verify the influence of
MYOC on HM susceptibility in Han Chinese.

FIG. 1. The linkage disequilib-
rium (LD) pattern of the 16 SNPs
in MYOC, HGF, MET, and ACAN
gene (A–D, respectively). The LD
block structure was examined using
the program Haploview (Vision
4.2) based on the genotype data.
The D¢ values and r2 values for all
pairs of SNPs were calculated, and
the haplotype blocks were gener-
ated by the program Haploview.

Table 4. ACAN Haplotype Association with High Myopia in the Han Chinese Population

Haplotype Frequency

ACAN rs3784757 rs1516794 Case Control p OR (95% CI)

1 C A 0.869 0.846 0.0327 1.21 (1.02, 1.43)
2 T T 0.084 0.103 0.0304 0.80 (0.65, 0.98)
3 T A 0.048 0.051 0.5881 0.93 (0.70, 1.22)
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The hepatocyte growth factor (HGF) and its receptor
(MET), broadly expressed in retina, pigment epithelium,
and choroid, play an important role in matrix metallopro-
teinases and tissue inhibitors of metalloproteinase path-
ways, and may play an active role in scleral remodeling,
axial elongation, and myopia development as well (Hama-
suna et al., 1999; Gong et al., 2003; Han et al., 2006). It was
initially shown as a candidate for myopia in an analysis of
mice eye weight (Zhou and Williams, 1999) and was con-
firmed to have significant effects on eye size, lens weight, and
retinal area. HGF had previously been reported to be associ-
ated with HM in a Han Chinese population by family-based
analysis (128 nuclear families with 133 severely myopic
offspring) (Han et al., 2006). A strong association has been
found between the mild to moderate myopia group and the
HGF SNP rs3735520 and the HGF haplotypes rs2286194-
rs3735520-rs17501108 and rs12536657-rs2286194, and a
moderate association of the extreme HM with rs2286194 in a
Caucasian family dataset (649 individuals) (Yanovitch et al.,
2009). However, no evidence of association between the MET
gene and myopia was found in the same study (Yanovitch
et al., 2009). Analysis of a Singaporean children cohort (1126
individuals) suggested that carriage of rs2073560 (MET +
110703) A allele was associated with increased suscepti-
bility to myopia and was also associated with a faster rate
of change in refractive error (Khor et al., 2009). A current
study (Schache et al., 2009) found that there is likely no
genetic association of the MET gene with myopia, axial
length, anterior chamber depth, and corneal curvature in a
Caucasian population. In our study, no genetic association
between the HGF gene and HM has been found (Table 2).
Two SNPs (rs38857 and rs10215153) in the MET gene
showed significant association with HM in the recessive
model (Table 3). Because of the relatively larger sample used
in this study, we suggested it is not HGF but MET that is more

likely to be susceptible for HM in Han Chinese. However,
given our findings and the previous studies together, it indi-
cated that HGF and MET might play different role in different
populations and in different type of myopia. We need to ex-
amine the association of HGF and MET between moderate,
high, and extreme HM ( £ - 10.0 diopters) respectively in the
future.

Aggrecan (ACAN) is a proteoglycan gene in eye sclera. It
was first reported in form-deprivation myopia animal models.
In chicks, it accumulated in increased amounts in the pres-
ence of increased turnover rate in the cartilaginous layer of
the posterior sclera, in parallel with the scleral growth of the
myopic eye (Rada et al., 1994; Rada et al., 1998). However,
in mammals such as tree shrew and monkey, the changes
were opposite (Marzani and Wallman, 1997; McBrien et al.,
2000). In the last year, a Hong Kong group reported an
evaluation of proteoglycan gene polymorphisms as risk fac-
tor in the genetic susceptibility to HM (Yip et al., 2011). They
found that rs3784757 and rs1516794 in the ACAN gene
showed a weak association in group 1 subjects (300 patients
with HM and 300 emmetropic controls) but was not repli-
cated in group 2 subjects (356 HM patients and 354 controls).
To our knowledge, the allele frequency of an SNP may
be changed in different cohorts, even those from the same
ethnic origin; thus, the results of association studies need to
be further replicated in different cohorts or increase the
sample size. In this study, our results showed borderline as-
sociation between these two SNPs and HM (Table 2).
However, after multiple testing by using the Bonferroni
correction, rs3784757 and rs1516794 showed no significant
differences between HM and control groups ( p = 0.534 and
0.378, respectively). Nevertheless, haplotype frequencies of
these SNPs in the ACAN gene were statistically associated
with HM (Table 4). Therefore, to avoid filtering real myopia
genes, the role of ACAN in the pathogenesis of myopia

Table 5. MYOC Haplotype Association with High Myopia in the Han Chinese Population

Haplotype Frequency

Block 1 rs235858 rs2421853 rs7523603 Case Control p OR (95% CI)

1 T G T 0.293 0.303 0.475 0.95 (0.84, 1.09)
2 C G C 0.254 0.276 0.1055 0.89 (0.78, 1.02)
3 C G T 0.24 0.226 0.2848 1.08 (0.94, 1.25)
4 T A T 0.207 0.192 0.2292 1.10 (0.94, 1.28)

Block 2 rs235920 rs2075537 Case Control p OR (95% CI)

1 T T 0.433 0.452 0.2064 0.93 (0.82, 1.04)
2 C G 0.432 0.421 0.4758 1.05 (0.93, 1.18)
3 T G 0.131 0.120 0.2958 1.10 (0.92, 1.32)

Table 6. MET Haplotype Association with High Myopia in the Han Chinese Population

Haplotype Frequency

MET rs2073560 rs1621 Case Control P OR (95% CI)

1 G A 0.581 0.574 0.6833 1.03 (0.91, 1.16)
2 A A 0.287 0.303 0.2427 0.92 (0.81, 1.05)
3 G G 0.131 0.122 0.3668 1.09 (0.91, 1.30)
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requires more refinement in both animal models and human
genetic epidemiologic studies.

Taking our data and previous studies together, the asso-
ciation between genetic variants and the MYOC, ACAN,
HGF, and MET genes were inconsistent in different popula-
tions. This may be explained by the genetic heterogeneity of
HM among different ethnicities. It is also suggested that HM
genetics are still not clearly defined and that a multifactorial
model as yet to be determined will likely be the etiology.
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