
Glaucoma is the second leading cause of irreversible 
blindness worldwide. Primary glaucoma is classified as 
primary open-angle glaucoma (POAG) and primary angle 
closure glaucoma (PACG), depending on the anatomy of the 
anterior chamber angle. PACG affects as many as 4.5 million 
people in China, and it has been reported that Asian popula-
tions are at higher risk of developing PACG than other ethnic 
groups [1].

Eyes with PACG display characteristic anatomic 
features such as a shorter corneal diameter, a steeper corneal 
curvature, a shallower anterior chamber, a thicker and more 
anteriorly positioned lens, and a shortened eyeball, often 
accompanied by hyperopic refraction error [2]. The risk 
factors for developing PACG include age, female gender, 

and family history [3]. First-degree relatives were found to 
have a six- to ninefold increased risk of developing PACG [4]. 
Siblings of Chinese patients with PAC or PACG have almost 
a 50% probability of having narrow angles and are more than 
7 times more likely to have narrow angles than the general 
population [5]. Ethnic differences are also associated with 
PACG. There is a higher prevalence among Inuits and Asians 
compared to Caucasians, suggesting a genetic predisposi-
tion to the disorder [6]. Primary angle closure (PAC) refers 
to an eye with an occludable drainage angle and features 
indicating that trabecular obstruction by the peripheral iris 
has occurred. A diagnosis of PAC includes asymptomatic 
individuals with occludable angles who have not had an acute 
attack and those who have had an attack that was treated 
promptly but suffered no detectable nerve damage. Namely, 
PAC is the earlier stage of PACG, and the individuals share 
the same anatomic features mentioned above. Because the 
ocular anatomic features are the predisposing factors for 
PACG, genes relating to regulating axial length and structural 
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Purpose: Primary angle closure (PAC) is the early stage of primary angle closure glaucoma (PACG). It is believed that 
the formation of PAC is regulated by a tissue remodeling pathway. This study investigated the association between gene 
variants in extracellular matrix metalloprotease-9 (MMP-9), methylenetetrahydrofolate reductase (MTHFR), frizzled-
related protein (MFRP), heat shock protein 70 (HSP70), and PAC.
Methods: The study was part of the Jiangsu Eye Study. The sample consisted of 232 subjects with PAC and 306 controls 
obtained from a population-based prevalence survey conducted in Funing County in Jiangsu Province, China. The single 
nucleotide polymorphisms (SNPs) included rs17576 and rs3918249 in MMP-9, rs1801133 in MTHFR, rs3814762 in MFRP, 
and rs1043618 in HSP70. SNP genotyping was performed with a TaqMan MGB probe using the real-time PCR system.
Results: Among the five SNPs tested, only MFRP rs3814762 and HSP70 rs1043618 showed a nominal association with 
PAC. The frequency of the minor T allele of MFRP rs3814762 was higher in the control group than in the PAC group 
(uncorrected p=0.016 and p=0.027, for alleles and genotypes, respectively) and conferred an odds ratio (OR) of 0.67 
in the allelic analysis, indicating a protective role of the SNP in developing PAC. In contrast, the frequency of the CC 
genotype of HSP70 rs1043618 was higher in the PAC group than in the control group (uncorrected p=0.048 and p=0.022 
for the genotypes general model and recessive model, respectively) and conferred an OR of 1.79 in the recessive model, 
indicating a harmful role in developing PAC. However, the differences did not remain statistically significant after 
Bonferroni correction. The remaining three SNPs showed no differences in the distribution of the genotypes and allele 
frequencies between the two groups.
Conclusions: Our study reveals a suggestive association of MFRP and HSP70 with PAC in a Han Chinese population. 
The results from this population-based survey will serve as the baseline for prospective observation of the role of tissue 
remodeling pathway in the development of PACG.
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remodeling of connective tissues may contribute to develop-
ment of PACG.

Some tissue remodeling genes, including frizzled-related 
protein (MFRP) [7,8], extracellular matrix metalloprotease-9 
(MMP-9) [9-11], and methylenetetrahydrofolate reductase 
(MTHFR) [12], have been reported to be associated with 
PACG. Even though heat shock protein 70 (HSP70) does 
not regulate tissue remolding directly, the gene regulates 
the expression of matrix metalloproteinases (MMPs) and 
is thought to be associated with PACG [13]. However, these 
findings are controversial and have not been replicated by 
independent studies.

Because of the obvious anatomic features in PAC, we 
targeted PAC rather than PACG to evaluate the associa-
tion of tissue remodeling genes with the phenotype. To the 
best of our knowledge, this is the first report of PAC single 
nucleotide polymorphism (SNP) association in a Han Chinese 
population. Moreover, the results from this population-based 
survey will serve as the baseline for prospective observation 
of the role of genetic factors in the development of PACG.

METHODS

Study participants: The study was part of the Jiangsu Eye 
Study. The age and gender distribution of PAC in Jiangsu 
Eye Study is summarized in Appendix 1. The study was 
conducted according to the Declaration of Helsinki, approved 
by the Ethics Committee of the Affiliated Hospital of Nantong 
University, and followed the tenets of the Declaration of 
Helsinki. Each participant was fully informed of the purpose 
and procedures involved in the study and signed the Informed 
Consent Form. The patients’ general demographic infor-
mation is listed in Table 1. All participants were recruited 
from a population-based prevalence survey using a cluster 
random sampling strategy conducted in Funing County in 
Jiangsu Province, China. Of the 6,032 people screened, 232 
people with PAC and 306 controls were enrolled in the study. 
Subjects with PAC and controls were matched for sex and 

age, and were ethnically homogenous. The participants were 
unrelated and self-identified Han Chinese. There was no 
difference between the control group and the PAC group in 
gender, age, and systemic disease distribution. We took the 
published SNP data for MFRP and HSP70 PACG associa-
tion as the references in power analysis [7,13]. Based on a 
predefined two-sided alpha of 0.05 and the sample size, there 
was greater than 85% power to detect a ±5% departure from 
an allele frequency of 20% [7].

All study participants were residents of Funing County 
in Jiangsu Province, China, aged 50 years and above, and 
underwent a detailed ocular examination that included best-
corrected visual acuity (BCVA), anterior segment photog-
raphy, Goldmann applanation tonometry, fundus examina-
tion, optic disc photography, visual field, objective refraction, 
and subjective refraction. The depth of the peripheral anterior 
chamber was determined using the Van Herick technique 
[14]. Subjects with a peripheral chamber depth less than one-
third of corneal thickness (CT) were invited for gonioscope, 
A-scan ultrasonography, and ultrasound biomicroscopy 
(UBM, SW-3200S, SUOER, China) examinations. UBM 
examinations were conducted in light and dark conditions 
and in eight positions. The detailed protocol for gonioscopy 
and UBM came from Barkana et al. [15].

PAC was defined according to the International Society 
of Geographical and Epidemiologic Ophthalmology (ISGEO) 
classification by Foster et al. [16]: 1) Either eye has the pres-
ence of an occluded angle (at least 180 degrees of closed angle 
in which the trabecular meshwork is not visible on gonios-
copy or iris apposition to the trabecular meshwork more than 
180 degrees on UBM), 2) no signs of secondary angle closure, 
3) no signs of glaucomatous optic neuropathy and peripheral 
visual loss, and 4) no previous ocular surgery or laser therapy. 
The clinical features of the subjects with PAC are listed in 
Table 2.

The criteria for enrollment of the control group were the 
following: 1) peripheral chamber depth more than one-third of 

Table 1. Demographics of sTuDy parTicipanTs.

Demographic features Control n (%) PAC n (%) P
Female 248 (81.05) 191 (82.33) 0.70
Male 58 (18.95) 41(17.67)  

Mean age (year)±SD 65.08±7.53 64.84±8.59 0.74
Age range 50–85 50–83  

Hypertension 66 (19.64) 46 (19.83) 0.69
Diabetes 24 (7.36) 20 (8.6) 0.76

cardiovascular 10 (3.27) 4 (1.72) 0.41
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corneal thickness, 2) intraocular pressure less than 21 mmHg, 
3) normal optic nerve heads with a cup-to-cup ratio of less 
than 0.5, 4) normal visual field, 5) no family history of glau-
coma, 6) no ophthalmic diseases except slight cataract, and 
7) refractive error less than three diopters.

Genotyping: Genomic DNA was extracted from the periph-
eral blood of each individual using the Qiagen Blood DNA 
Mini Kit (Qiagen, Valencia, CA), according to the manufac-
turer’s instructions and stored at −20 °C.

The samples were genotyped with the TaqMan geno-
typing assay (Applied Biosystems, Foster City, CA) using the 
Real-time PCR 7500 system (Applied Biosystems). The SNP 
selection from the four genes was based on similar studies 
that suggested possible functional alteration and disease asso-
ciation of the selected SNPs. Three of the five selected SNPs 
are missense variations [7-13,17]. Details of the tested SNPs 
and TaqMan assays are listed in Table 3. PCR reactions were 
performed in a total volume of 10 µl containing 1 µl (10 ng) 
DNA, 5 µl TaqMan Universal Master Mix, 0.20 µl TaqMan 
SNP Genotyping Assay Mix (40X), and 3.8 µl DNase-free, 
sterile filtered water. Amplification was performed with an 
initial denaturation at 95 °C for 5 min, followed by 40 cycles 
of denaturation at 95 °C for 30 s and annealing at 60 °C for 
30 s.

Statistical analysis: Statistical analysis was performed with 
SPSS version 15.0 software (Chicago, IL). Differences in 
age and gender between the subjects with PAC and controls 
were assessed using the Student t test and a chi-square test, 
respectively. Hardy–Weinberg equilibrium was tested using 
a chi-square test. To analyze the association of the five SNPs 
with the PAC group and the control group, the frequency of 
the genotypes and alleles was evaluated using a chi-square 

test. P values<0.05 were considered statistically significant. 
In addition, logistic regression analysis was performed to 
calculate the odds ratio (OR) value and 95% confidence 
interval (95% CI). If a positive association was found in the 
initial analysis, Bonferroni correction was performed. Three 
genotype models were presented: the general model (common 
allele homozygotes coded as 1, heterozygotes as 2, and reces-
sive allele homozygotes as 3); the dominant model (common 
allele homozygotes coded as 1 and heterozygotes plus minor 
allele homozygotes as 2); and the recessive model (common 
allele homozygotes plus heterozygotes as 1 and minor allele 
homozygotes as 2). Logistic regression was performed to 
adjust for age and gender.

RESULTS

The call rates of all SNP genotyping were >98%, and the call 
accuracies were 100% in 10% randomly selected samples. All 
five SNPs conformed to Hardy–Weinberg equilibrium in the 
PAC group and in the control group (p>0.05).

Among the five SNPs tested, only MFRP rs3814762 and 
HSP70 rs1043618 showed a nominal association with PAC 
(Table 4, Table 5). The frequency of the minor T allele of 
rs3814762 was higher in the control group than in the PAC 
group (uncorrected p=0.027 and p=0.016 for the genotypes 
and alleles, respectively) and conferred an OR of 0.67 (95% 
CI: 0.49–0.93) in developing PAC, indicating a protective 
role (Table 4). In contrast, the frequency of the CC genotype 
of HSP70 rs1043618 was higher in the PAC group than in 
the control group (uncorrected p=0.048 and p=0.022 for the 
genotypes general model and recessive model, respectively) 
and conferred an OR of 1.79 in the recessive model, indicating 
a harmful role in developing PAC (Table 5). After controlling 

Table 2. clinical feaTures of 232 pac subjecTs.

Parameters Right eye Left eye Total eyes
Axial length (mm) 22.17±0.83 22.17±0.82 22.17±0.83

ACD (mm) 2.49±0.29 2.45±0.30 2.47±0.29
Refractive (diopter) 0.53±1.85 0.68±1.87 0.58±1.84
Tonometry (mmHg) 15.18±4.31 15.78±4.46 15.52±4.39

Table 3. snps being TesTeD anD assay informaTion from applieD biosysTems.

Gene SNP ID ABI assay ID SNP type Chr site
MMP9 rs17576 C___1414756_10 Intron Chr.20: 44,638,136
MMP9 rs3918249 C__11655953_10 Mis-sense (Q279R) Chr.20: 44,640,225
MFRP rs3814762 C__27488402_20 Mis-sense (M136V) Chr.11: 119,216,504
HSP70 rs1043618 C__11917510_10 5-UTR Chr.6

MTHER rs1801133 C___1202883_20 Mis-sense (A222V) Chr.1: 11,856,378
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for age, gender, hypertension, diabetes, and cardiovascular 
disease through multivariate analyses, the SNPs remained 
associated with PAC. However, after Bonferroni correction, 
the significance was lost. The remaining three SNPs showed 
no differences in the distribution of genotype and allele 
frequencies between the two groups.

A Singapore study reported that the anterior chamber 
width was significantly smaller in women compared to men 
[18]. To control for possible inabilities to adequately adjust 
for gender, we performed a supplementary analysis on female 
participants only to see whether excluding male participants 
would fundamentally change the pattern of the SNP associa-
tion. As shown in Table 6, the patterns and strength of MFRP 
rs3814762 and HSP70 rs1043618 association with PAC are 
similar to those with the two genders combined (Table 5).

DISCUSSION

This study, to the best of our knowledge, is the first popu-
lation-based study to investigate the association of tissue 
remodeling genes with PAC. The design of a population-
based study can minimize the sample selection bias often 
present in a hospital-based case-control study. Furthermore, 
our study is the first to discuss the association of rs3814762, 
rs3918249, rs1801133, and rs1043618 with PAC in a Han 
Chinese population. The results show that rs3814762 in the 
MFRP gene and rs1043618 in the HSP70 gene are marginally 
associated with PAC, despite the loss of significance after 
Bonferroni correction.

Because PACG is associated with small ocular dimen-
sions, we investigated a putative susceptibility gene for 

Table 4. allele frequency of snps in conTrol anD pac subjecTs.

SNP Call rate 
(%)

Allele distribution Minor/Major (%)
P OR (95% CI)

Control PAC
MMP9 rs17576 (G/A) 99.8 171/441 (27.9) 118/344 (25.5) 0.38 0.88 (0.67–1.16)

MMP9 rs3918249 (C/T) 99.8 176/436 (28.8) 117/345 (25.3) 0.211 0.84 (0.64–1.10)
MTHFR rs1801133 (G/A) 99.8 274/338 (44.8) 194/268(42.0) 0.363 0.89 (0.70–1.14)
MFRP rs3814762 (C/T) 99.8 125/487 (20.4) 68/394 (14.7) 0.016 0.67 (0.49–0.93)
HSP70 rs1043618 (G/C) 100 214/398 (35.0) 176/288 (37.9) 0.317 1.14 (0.88–1.46)

All HWE p values>0.05

Table 5. genoType frequency of snps in conTrol anD pac subjecTs.

SNP
Genotype distribution N (%) General

Pc 1/Pc 2 Dominant p/
OR (95% CI) Recessive p/OR (95%CI)

 Control PAC P value
MMP9 rs17576 GG 164(53.6) 133(57.6) 0.656 0.77/0.78 0.36/0.85 (0.60–

1.20)
0.74/0.91 (0.50–1.65)

GA 113(36.9) 78(33.8)
AA 29(9.5) 20(8.6)

MMP9 rs3918249 CC 160(52.3) 133(57.6) 0.465 0.55/0.56 0.22/0.81 (0.57–
1.14)

0.53/0.82 (0.45–1.50)
CT 116(37.9) 79(34.2)
TT 30(9.8) 19(8.2)

MTHFR 
rs1801133

GG 93(30.4) 81(35.1) 0.514 0.81/0.81 0.25/0.81 (0.56–
1.16)

0.80/0.95 (0.61–1.46)
GA 152(49.7) 106(45.9)
AA 61(19.9) 44(19.0)

MFRP rs3814762 CC 196(64.1) 166(71.9) 0.027 0.01/0.02 0.06/0.70 (0.48–
1.01)

0.02/0.26 (0.07–0.89)
CT 95(31.0) 62(26.8)
TT 15(4.9) 3(1.3)

HSP70 rs1043618 GG 123(40.2) 95(41.0) 0.048 0.03/0.03 0.86/0.97 (0.68–
1.37)

0.02/1.79 (1.08–2.97)
GC 152(49.7) 98(42.2)
CC 31(10.1) 39(16.8)

All p values>0.05 after Bonferroni correction Pc 1: p value corrected for age and gender Pc 2: p value corrected for hypertension, diabetes 
and cardiovascular disease
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extreme hyperopia and nanophthalmos known as MFRP, 
even though the results were controversial [19,20]. MFRP is 
predominantly expressed in the retinal pigment epithelium 
and ciliary epithelial cells of the eye [21,22]. Seko et al. found 
retina-scleral signaling and composition during ocular axial 
regulation, in which the retinal pigment epithelium layer 
was proposed to transmit these signals [23]. SNP rs3814762 
leads to a non-synonymous amino acid change from valine 
to methionine in MFRP. To date, the functional consequence 
of MFRP rs3814762, a non-synonymous variation, has not 
been reported. According to the gene function of MFRP in 
eye development [24], it is highly possible that the variation 
causes an abnormality in ocular structure in early age, thus 
conferring a predisposition to PAC. Aung et al. found that 
SNPs of the MFRP gene in Chinese Singapore subjects were 
not associated with PACG or with short axial length eyes 
[9]. Wang et al. also detected no association in a Taiwanese 
population [8]. Similar to our finding, however, the frequency 
of the TT genotype was higher in the control group (9%) 
than in the PACG group (3%) in Wang’s study. The failure 
to identify an association may have been due to the small 
sample size of their study (63 in the PACG group and 66 in 
the control group). Our sample included than 200 subjects in 
the PAC and control groups. However, significance did not 
withstand correction for a strict multiple testing, implying 
that the potential association is marginal. Our results indicate 
that the T allele of rs3814762 possibly has a protective effect 
against PAC, but may not be a direct factor for PACG.

HSP70 is a stress-regulating gene, whose expression is 
triggered when organisms are exposed to stress, hypoxia, or 
injury [25]. Under these unfavorable conditions, increased 
levels of HSP are produced in tissues to protect themselves 
against stress. The function of HSP is twofold. Underexpres-
sion of HSP leads to an inefficient stress response and results 
in loss of neuroprotective function, while overexpression of 
HSP activates the autostimulatory response and leads to optic 
nerve neuropathy [26]. Alternatively, HSP70 might contribute 
to PACG by affecting the expression of MMPs. HSP activates 

nuclear factor kappa B and activator protein-1 (AP-1), which 
leads to the activation of MMP-9 transcription [27]. HSP70 
rs1043618 maps to the 5′ untranslated region and causes 
reduced promoter activity [28]. Wu et al. has demonstrated 
that the CC but not the GC genotype of rs1043618 downregu-
lates HSP70 expression [29]. Underexpression of HSP may 
downregulate MMP-9 gene activity, which has been shown 
to be associated with PACG [11]. Ayub et al. has demonstrated 
that HSP70 polymorphisms were associated with PACG but 
not primary open-angle glaucoma [13]. In our present study, 
the genotype analysis suggests an association between 
rs1043618 and PAC in recessive mode, despite the difference 
of allele frequencies failing to reach statistical significance.

MMPs are other candidate genes for shorter axial length, 
a known risk factor for PACG. MMP-9 is thought to degrade 
type 4 collagen, an important component of the extracellular 
matrix [30]. Extracellular matrix remodeling is likely to be an 
important determinant for the short axial length in relatively 
small eyes. MMP-9 rs17576 leads to a substitution of arginine 
by glutamine at position 279 and may downregulate the gene 
activity in extracellular matrix remodeling during ocular 
development, thus shortening axial length. In recent studies, 
rs17576 was found to be associated with susceptibility to 
PACG in an Australian population [17] and a Taiwanese 
population [11]. However, two subsequent studies were unable 
to replicate these findings in Singapore and southern China 
[9,10]. MMP-9 rs3918249 was also associated with PAC in an 
Australian population [17]. However, no such replication has 
been conducted in other populations. In our present study, we 
did not find any association between rs17576 and rs3918249 
in MMP-9 and PAC. The discrepancy between results could 
be due to the difference in the distribution of SNPs among 
different ethnic groups or differences in sample size. Addi-
tionally, important consideration should be given to the fact 
that the substrates of MMP-9 are gelatin and type 4 collagen, 
which are not the predominant collagen fibrils in the sclera 
[31,32].

Table 6. genoType frequency of mfrp rs3814762 hsp70 rs1043618 in female conTrol anD pac subjecTs.

SNP
Genotype distribution n (%) General P 

value
Dominant p/OR (95% 

CI)
Recessive p/
OR (95%CI) Control (n=248) PAC (n=191)

MFRP 
rs3814762

CC 154(62.1) 138(72.6) 0.019 0.02/0.62 (0.41–0.93) 0.04/0.27 (0.08–0.95)
CT 80(32.2) 49(25.8)
TT 14(5.6) 3(1.6)

HSP70 
rs1043618

GG 97(39.1) 74(38.7) 0.047 0.94/1.02 (0.69–1.50) 0.02/1.90 (1.11–3.26)
GC 124(50.0) 81(42.4)
CC 27(10.9) 36(18.8)
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Recently, hyperhomocysteinemia has been shown to be 
involved in the terations of the extracellular matrix and in 
the structural remodeling of connectives [33,34]. MTHFR 
rs1801133 leads to reduced enzyme activity and mild hyper-
homocysteinemia, induces the expression of collagen and 
α-actin, and causes extracellular matrix remodeling [11]. 
Michael et al. found that MTHFR rs1801133 was associated 
with PACG in patients of Pakistani origin [12]. Hyper-homo-
cysteine may affect the overall anterior segment structure and 
may be involved in enhancing the attachment of the trabecular 
meshwork to the iris during development and aging [12]. In 
our present study, the distribution of genotypes of rs1801133 
was similar in the PAC group and in the control group.

Our data do not support a solid association of the investi-
gated SNPs with PAC in a Han Chinese population after strict 
multiple testing corrections. However, the strength of the 
association between rs3814762 and rs1043618 with PAC is still 
noteworthy, and may actually indicate important functional 
variants. Moreover, the results from this population-based 
survey will serve as the baseline for prospective observation 
of the role of genetic factors in the development of PACG.

APPENDIX 1. AGE AND GENDER DISTRIBUTION 
OF PAC IN JIANGSU EYE STUDY.

To access the data, click or select the words “Appendix 1.” 
This will initiate the download of a compressed (pdf) archive 
that contains the file.

ACKNOWLEDGMENTS

The authors thank all the patients and family members for 
their participation. We appreciate the great contribution 
of Funing Health Bureau, Funing CDC, Shizhuang eye 
hospital of Funing and the people’s hospital of Funing in 
study coordination and participant recruitment. The study 
was supported by the National Natural Science Foundation 
of China (No.81070718), the 333 Project of Jiangsu Prov-
ince (No.BRA2010173) and the Nantong Municipal Special 
Project of Major Scientific and Technologic Innovation (No.
XA2009001–8).

REFERENCES
1. Foster PJ, Johnson GJ. Glaucoma in China: how big is the 

problem?  Br J Ophthalmol  2001; 85:1277-82. [PMID: 
11673287].

2. Sihota R, Lakshmaiah NC, Agarwal HC, Pandey RM, Titiyal 
JS. Ocular parameters in the subgroups of angle closure 
glaucoma.  Clin Experiment Ophthalmol  2000; 28:253-8. 
[PMID: 11021552].

3. Amerasinghe N, Aung T. Angle-closure: risk factors, diagnosis 
and treatment.  Prog Brain Res  2008; 173:31-45. [PMID: 
18929100].

4. Wang N, Wu H, Fan Z. Primary angle closure glaucoma in 
Chinese and Western populations.  Chin Med J (Engl)  2002; 
115:1706-15. [PMID: 12609093].

5. Amerasinghe N, Zhang J, Thalamuthu A, He M, Vithana EN, 
Viswanathan A, Wong TY, Foster PJ, Aung T. The heritability 
and sibling risk of angle closure in Asians.  Ophthalmology  
2011; 118:480-5. [PMID: 21035870].

6. Alsbirk PH. Primary angle-closure glaucoma. Oculometry, 
epidemiology, and genetics in a high risk population.  Acta 
Ophthalmol Suppl  1976;  1275-31. [PMID: 179266].

7. Aung T, Lim MC, Wong TT, Thalamuthu A, Yong VH, 
Venkataraman D, Venkatraman A, Chew PT, Vithana EN. 
Molecular analysis of CHX10 and MFRP in Chinese subjects 
with primary angle closure glaucoma and short axial length 
eyes.  Mol Vis  2008; 14:1313-8. [PMID: 18648522].

8. Wang IJ, Lin S, Chiang TH, Chen ZT, Lin LL, Hung PT, Shih 
YF. The association of membrane frizzled-related protein 
(MFRP) gene with acute angle-closure glaucoma–a pilot 
study.  Mol Vis  2008; 14:1673-9. [PMID: 18781223].

9. Aung T, Yong VH, Lim MC, Venkataraman D, Toh JY, Chew 
PT, Vithana EN. Lack of association between the rs2664538 
polymorphism in the MMP-9 gene and primary angle closure 
glaucoma in Singaporean subjects.  J Glaucoma  2008; 
17:257-8. [PMID: 18552608].

10. Cong Y, Guo X, Liu X, Cao D, Jia X, Xiao X, Li S, Fang 
S, Zhang Q. Association of the single nucleotide polymor-
phisms in the extracellular matrix metalloprotease-9 gene 
with PACG in southern China.  Mol Vis  2009; 15:1412-7. 
[PMID: 19633731].

11. Wang IJ, Chiang TH, Shih YF, Lu SC, Lin LL, Shieh JW, 
Wang TH, Samples JR, Hung PT. The association of single 
nucleotide polymorphisms in the MMP-9 genes with suscep-
tibility to acute primary angle closure glaucoma in Taiwanese 
patients.  Mol Vis  2006; 12:1223-32. [PMID: 17110919].

12. Michael S, Qamar R, Akhtar F, Khan WA, Ahmed A. C677T 
polymorphism in the methylenetetrahydrofolate reductase 
gene is associated with primary closed angle glaucoma.  Mol 
Vis  2008; 14:661-5. [PMID: 18385801].

13. Ayub H, Khan MI, Micheal S, Akhtar F, Ajmal M, Shafique S, 
Ali SH, den Hollander AI, Ahmed A, Qamar R. Association 
of eNOS and HSP70 gene polymorphisms with glaucoma 
in Pakistani cohorts.  Mol Vis  2010; 16:18-25. [PMID: 
20069064].

14. Foster PJ, Devereux JG, Alsbirk PH, Lee PS, Uranchimeg D, 
Machin D, Johnson GJ, Baasanhu J. Detection of gonioscopi-
cally occludable angles and primary angle closure glaucoma 
by estimation of limbal chamber depth in Asians: modified 
grading scheme.  Br J Ophthalmol  2000; 84:186-92. [PMID: 
10655196].

15. Barkana Y, Dorairaj SK, Gerber Y, Liebmann JM, Ritch 
R. Agreement between gonioscopy and ultrasound 

http://www.molvis.org/molvis/v19/128
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=1801133
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=1801133
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=1801133
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=3814762
http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=1043618
http://www.molvis.org/molvis/v19/appendices/mv-v19-128-app-1.pdf
http://www.ncbi.nlm.nih.gov/pubmed/11673287
http://www.ncbi.nlm.nih.gov/pubmed/11673287
http://www.ncbi.nlm.nih.gov/pubmed/11021552
http://www.ncbi.nlm.nih.gov/pubmed/18929100
http://www.ncbi.nlm.nih.gov/pubmed/18929100
http://www.ncbi.nlm.nih.gov/pubmed/12609093
http://www.ncbi.nlm.nih.gov/pubmed/21035870
http://www.ncbi.nlm.nih.gov/pubmed/179266
http://www.ncbi.nlm.nih.gov/pubmed/18648522
http://www.ncbi.nlm.nih.gov/pubmed/18781223
http://www.ncbi.nlm.nih.gov/pubmed/18552608
http://www.ncbi.nlm.nih.gov/pubmed/19633731
http://www.ncbi.nlm.nih.gov/pubmed/17110919
http://www.ncbi.nlm.nih.gov/pubmed/18385801
http://www.ncbi.nlm.nih.gov/pubmed/20069064
http://www.ncbi.nlm.nih.gov/pubmed/20069064
http://www.ncbi.nlm.nih.gov/pubmed/10655196
http://www.ncbi.nlm.nih.gov/pubmed/10655196


Molecular Vision 2013; 19:128-134 <http://www.molvis.org/molvis/v19/128> © 2013 Molecular Vision 

134

biomicroscopy in detecting iridotrabecular apposition.  Arch 
Ophthalmol  2007; 125:1331-5. [PMID: 17923539].

16. Foster PJ, Buhrmann R, Quigley HA, Johnson GJ. The defini-
tion and classification of glaucoma in prevalence surveys.  Br 
J Ophthalmol  2002; 86:238-42. [PMID: 11815354].

17. Awadalla MS, Burdon KP, Kuot A, Hewitt AW, Craig JE. 
Matrix metalloproteinase-9 genetic variation and primary 
angle closure glaucoma in a Caucasian population.  Mol Vis  
2011; 17:1420-4. [PMID: 21655354].

18. Nongpiur ME, Sakata LM, Friedman DS, He M, Chan YH, 
Lavanya R, Wong TY, Aung T. Novel association of smaller 
anterior chamber width with angle closure in Singaporeans.  
Ophthalmology  2010; 117:1967-73. [PMID: 20541809].

19. Sundin OH, Leppert GS, Silva ED, Yang JM, Dharmaraj S, 
Maumenee IH, Santos LC, Parsa CF, Traboulsi EI, Broman 
KW, Dibernardo C, Sunness JS, Toy J, Weinberg EM. 
Extreme hyperopia is the result of null mutations in MFRP, 
which encodes a Frizzled-related protein.  Proc Natl Acad Sci 
USA  2005; 102:9553-8. [PMID: 15976030].

20. Wang P, Yang Z, Li S, Xiao X, Guo X, Zhang Q. Evaluation 
of MFRP as a candidate gene for high hyperopia.  Mol Vis  
2009; 15:181-6. [PMID: 19169412].

21. Kameya S, Hawes NL, Chang B, Heckenlively JR, Naggert JK, 
Nishina PM. Mfrp, a gene encoding a frizzled related protein, 
is mutated in the mouse retinal degeneration 6.  Hum Mol 
Genet  2002; 11:1879-86. [PMID: 12140190].

22. Katoh M. Molecular cloning and characterization of MFRP, 
a novel gene encoding a membrane-type Frizzled-related 
protein.  Biochem Biophys Res Commun  2001; 282:116-23. 
[PMID: 11263980].

23. Seko Y, Tanaka Y, Tokoro T. Scleral cell growth is influenced 
by retinal pigment epithelium in vitro.  Graefes Arch Clin 
Exp Ophthalmol  1994; 232:545-52. [PMID: 7959094].

24. Ayala-Ramirez R, Graue-Wiechers F, Robredo V, Amato-
Almanza M, Horta-Diez I, Zenteno JC. A new autosomal 
recessive syndrome consisting of posterior microphthalmos, 
retinitis pigmentosa, foveoschisis, and optic disc drusen is 
caused by a MFRP gene mutation.  Mol Vis  2006; 12:1483-9. 
[PMID: 17167404].

25. Galassi F, Renieri G, Sodi A, Ucci F, Vannozzi L, Masini E. 
Nitric oxide proxies and ocular perfusion pressure in primary 
open angle glaucoma.  Br J Ophthalmol  2004; 88:757-60. 
[PMID: 15148207].

26. Tezel G, Hernandez R, Wax MB. Immunostaining of heat 
shock proteins in the retina and optic nerve head of normal 
and glaucomatous eyes.  Arch Ophthalmol  2000; 118:511-8. 
[PMID: 10766137].

27. Lee KJ, Kim YM, Kim DY, Jeoung D, Han K, Lee ST, Lee YS, 
Park KH, Park JH, Kim DJ, Hahn JH. Release of heat shock 
protein 70 (Hsp70) and the effects of extracellular Hsp70 
on matric metalloproteinase-9 expression in human mono-
cytic U937 cells.  Exp Mol Med  2006; 38:364-74. [PMID: 
16953115].

28. He M, Guo H, Yang X, Zhang X, Zhou L, Cheng L, Zeng H, 
Hu FB, Tanguay RM, Wu T. Functional SNPs in HSPA1A 
gene predict risk of coronary heart disease.  PLoS ONE  
2009; 4:e4851-[PMID: 19333379].

29. Wu YR, Wang CK, Chen CM, Hsu Y, Lin SJ, Lin YY, Fung 
HC, Chang KH, Lee-Chen GJ. Analysis of heat-shock protein 
70 gene polymorphisms and the risk of Parkinson’s disease.  
Hum Genet  2004; 114:236-41. [PMID: 14605873].

30. Di Girolamo N, Lloyd A, McCluskey P, Filipic M, Wakefield 
D. Increased expression of matrix metalloproteinases in vivo 
in scleritis tissue and in vitro in cultured human scleral fibro-
blasts.  Am J Pathol  1997; 150:653-66. [PMID: 9033278].

31. Marshall GE, Konstas AG, Lee WR. Collagens in the aged 
human macular sclera.  Curr Eye Res  1993; 12:143-53. 
[PMID: 8449025].

32. Wessel H, Anderson S, Fite D, Halvas E, Hempel J, SundarRaj 
N. Type XII collagen contributes to diversities in human 
corneal and limbal extracellular matrices.  Invest Ophthalmol 
Vis Sci  1997; 38:2408-22. [PMID: 9344363].

33. Mujumdar VS, Tummalapalli CM, Aru GM, Tyagi SC. Mecha-
nism of constrictive vascular remodeling by homocysteine: 
role of PPAR.  Am J Physiol Cell Physiol  2002; 282:C1009-
15. [PMID: 11940516].

34. Tyagi SC. Homocysteine redox receptor and regulation of 
extracellular matrix components in vascular cells.  Am J 
Physiol  1998; 274:C396-405. [PMID: 9486129].

Articles are provided courtesy of Emory University and the Zhongshan Ophthalmic Center, Sun Yat-sen University, P.R. China. 
The print version of this article was created on 28 January 2013. This reflects all typographical corrections and errata to the 
article through that date. Details of any changes may be found in the online version of the article.

http://www.molvis.org/molvis/v19/128
http://www.ncbi.nlm.nih.gov/pubmed/17923539
http://www.ncbi.nlm.nih.gov/pubmed/11815354
http://www.ncbi.nlm.nih.gov/pubmed/21655354
http://www.ncbi.nlm.nih.gov/pubmed/20541809
http://www.ncbi.nlm.nih.gov/pubmed/15976030
http://www.ncbi.nlm.nih.gov/pubmed/19169412
http://www.ncbi.nlm.nih.gov/pubmed/12140190
http://www.ncbi.nlm.nih.gov/pubmed/11263980
http://www.ncbi.nlm.nih.gov/pubmed/7959094
http://www.ncbi.nlm.nih.gov/pubmed/17167404
http://www.ncbi.nlm.nih.gov/pubmed/15148207
http://www.ncbi.nlm.nih.gov/pubmed/10766137
http://www.ncbi.nlm.nih.gov/pubmed/16953115
http://www.ncbi.nlm.nih.gov/pubmed/16953115
http://www.ncbi.nlm.nih.gov/pubmed/19333379
http://www.ncbi.nlm.nih.gov/pubmed/14605873
http://www.ncbi.nlm.nih.gov/pubmed/9033278
http://www.ncbi.nlm.nih.gov/pubmed/8449025
http://www.ncbi.nlm.nih.gov/pubmed/9344363
http://www.ncbi.nlm.nih.gov/pubmed/11940516
http://www.ncbi.nlm.nih.gov/pubmed/9486129

	Reference r34
	Reference r33
	Reference r32
	Reference r31
	Reference r30
	Reference r29
	Reference r28
	Reference r27
	Reference r26
	Reference r25
	Reference r24
	Reference r23
	Reference r22
	Reference r21
	Reference r20
	Reference r19
	Reference r18
	Reference r17
	Reference r16
	Reference r15
	Reference r14
	Reference r13
	Reference r12
	Reference r11
	Reference r10
	Reference r9
	Reference r8
	Reference r7
	Reference r6
	Reference r5
	Reference r4
	Reference r3
	Reference r2
	Reference r1
	Table t1
	Table t2
	Table t3
	Table t4
	Table t5
	Table t6

