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Abstract: Primary glaucomas are among the most common eye diseases that may potentially 

result in bilateral blindness. Both genetics and environmental factors are reported to be involved 

in the etiology of primary glaucomas. Secreted protein acidic and rich in cysteine (SPARC)-

related modular calcium binding protein 2 (SMOC2) is a matricellular glycoprotein encoded by 

the SMOC2 gene and known to regulate the expression of extracellular matrix (ECM) proteins 

and matrix metalloproteinases (MMPs), which play an important role in the pathogenesis of 

primary glaucomas. The frequencies of alleles and genotypes of SMOC2 variants were examined 

in 406 Saudi subjects, including primary open angle glaucoma (POAG, n=140) and primary 

angle closure glaucoma (PACG, n=64) patients and 202 matched healthy controls using the 

polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) technique. 

Genotyping of SMOC2 polymorphism (rs13208776) revealed a significantly higher frequency 

of the heterozygous genotype GA (P,0.01) and a lower frequency of wild type GG genotype 

(P=0.05) in glaucoma patients compared to the controls. Upon stratification of the patients on 

the basis of types of glaucoma, PACG patients had a significantly higher frequency of GA 

genotype as compared to the controls (P,0.01), whereas there was no significant difference 

between the POAG patient and control groups in frequencies of SMOC2 alleles and genotypes. 

Further, there was no significant difference in frequency distribution of alleles and genotypes 

between male and female patients. This study indicates that the GA genotype of SMOC2 (G.A) 

polymorphism is significantly associated with PACG and may be a risk factor. However, further 

large-scale studies in the Saudi population as well as in other ethnic populations are needed to 

confirm this association.
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Introduction
Glaucoma is a complex and genetically heterogeneous group of optic neuropathies. 

Glaucoma affects 70 million people and is the second leading cause of blindness 

worldwide.1 Primary glaucoma is one of the most common eye diseases and is classified 

as primary open angle glaucoma (POAG) and primary angle closure glaucoma (PACG). 

PACG is characterized by shallow interior chamber depth and short axial length and 

is a leading form of glaucoma in the Asian population,2 while POAG is character-

ized by gonioscopically open interior chamber and is the prevalent form of glaucoma 

in several populations.1,3 In glaucoma, the progressive loss of retinal ganglion cells 

results in abnormal appearance of optic nerve head and chronic painless progression 

of visual field defects. Elevated intraocular pressure (IOP) is one of the known risk 

factors for glaucoma. The association of other risk factors like genetic predisposition, 
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oxidative stress, inflammation, and environmental factors 

with glaucoma is under intense research.

Recent studies, including those from our laboratory, 

have indicated that genetic factors,4–7 environmental factors,8 

and gene–environment interaction9 affect the etiology of 

glaucoma. In spite of the advancement and progress in 

medical science, the exact mechanism and pathogenesis of 

glaucoma are far from clear, and further studies are required 

to explain the complex etiology of glaucoma.

Secreted protein acidic and rich in cysteine (SPARC)-

related modular calcium binding protein 2 (SMOC2) is a 

matricellular glycoprotein encoded by the SMOC2 gene 

(ID: 64094) located on chromosome 6q27. Matricellular 

proteins are known to regulate the expression of several 

secreted extracellular matrix (ECM) proteins and matrix 

metalloproteinases (MMPs).10–12 Higher levels of MMPs 

have been reported in glaucomatous eyes as compared to 

normal eyes.13–15

Selection of the SMOC2 gene in the present study was 

based mainly on its biological role similar to SPARC in sig-

naling16 and the fact that it is expressed mainly in the ECM 

of corneal keratocytes, trabecular meshwork, and ciliary 

muscles.17,18 Moreover, the presence of SPARC in ocular 

tissue and its role in the development of glaucoma has been 

suggested by several studies10,19 and has also been supported 

by various experimental studies.20–22 A further role of SMOC2 

in collagen synthesis has been supported by an earlier study 

showing positive association of SPARC with the expression 

of collagen I in PACG patients.10

Single nucleotide polymorphism (SNP) rs13208776 is 

an A/G single-nucleotide variation located on chromosome 

6q27, within intron 4 of the SMOC2 gene. We hypothesized 

that SNP rs13208776 might be associated with high levels 

of MMPs, which implies more ECM degradation and 

remodeling process in glaucomatous eyes. To the best of our 

knowledge, no other study has been undertaken to evaluate 

SMOC2 gene polymorphism in glaucoma patients so far. 

Therefore, the present study was designed to investigate any 

possible association of SMOC2 (G.A) polymorphism with 

susceptibility to primary glaucomas (POAG and PACG) in 

the Saudi Arabian population.

Materials and methods
A total of 406 subjects, including 204 primary glaucoma 

patients (POAG [n=140] and PACG [n=64]) visiting 

an ophthalmology clinic and 202 age- and sex-matched 

healthy controls from the same ethnicity (Saudi) visiting a 

community health clinic of Prince Sultan Military Medical 

City (PSMMC), Riyadh, Saudi Arabia, were recruited for 

this study. All subjects were biologically unrelated Saudi 

Arabs. This study was approved by the Ethical Committee of 

PSMMC, Riyadh, and written informed consent was obtained 

from all study participants before the recruitment. The patient 

group consisted of 103 males and 101 females with age at 

diagnosis ranging from 30 to 78 years (mean ± SD =58±14.4). 

The control group consisted of an equal number of males 

and females, ranging from age 25 to 68 years (mean ± 

SD =55±11.6). None of the healthy controls had evidence 

of any ocular diseases or autoimmune/autoinflammatory and 

systemic disorders.

The diagnosis of glaucoma was based on the clinical 

observations as described in previous studies.4,5

Patients with a confirmed diagnosis of PACG or POAG 

and free from any other systemic and autoimmune diseases 

were selected for this study, while patients with signs of 

intracranial disease that would cause optic nerve atrophy 

in X-ray computerized tomography or magnetic resonance 

imaging were excluded. Venous blood (3 mL) was drawn 

from each subject, brought to the laboratory in an ice box, 

and stored at -80°C before extraction of DNA.

genotyping
For analysis of SMOC2 gene polymorphism, polymerase 

chain reaction-restriction fragment length polymorphism 

(PCR-RFLP) technique was used as described elsewhere.23 

Genomic DNA was extracted from whole blood using 

the QIAamp DNA mini kit (Qiagen, Venlo, Limburg, the 

Netherlands). The quality of the DNA was checked on 

agarose gel and quantitation was done using Nano Drop-2000 

(Thermo Fisher Scientific Inc., Waltham, MA, USA).

An amplicon of 485 bp containing the SNP was generated 

using forward primer: 5′-CTCAGAAATTGGCACCCTCT-3′ 
and reverse primer: 5′-GTCTCCGGTTTAAGGGAGGA-3′. 
DNA amplification was done in a 25 µL reaction mixture con-

sisting of 50 ng of genomic DNA, 10 mM of each primer, and 

0.2 mM of dNTPs mixture. Genomic DNA was amplified for 

35 cycles. Initial denaturation was done for 3 minutes at 95°C. 

Each cycle consisted of 95°C for 30 sec, 59°C for 30 sec, 

and 72°C for 45 sec; PCR products obtained were separated 

by electrophoresis on 2.5% agarose gel in Tris-borate-EDTA 

(TBE) buffer, visualized by ethidium bromide fluorescence. 

The PCR product was digested with the BsaHI enzyme (New 

England Biolab, Ipswich, MA, USA) for 3 hours at 37°C. 

The restriction fragments were separated by 3% agarose gel 

electrophoresis to identify the genotype. Variant allele (A) 

resulted in 388 bp and 97 bp fragments from one restriction 

site (one restriction site is lost in mutant allele), and variant 

allele G resulted in the digestion of 485 bp amplicon into 
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233 bp, 165 bp, and 97 bp fragments from two restriction sites 

(homozygous wild type). Heterozygous genotype (GA) has 

four fragments of 388 bp, 233 bp, 165 bp, and 97 bp.

statistical analysis
Frequencies of various alleles and genotypes of SMOC2 

polymorphism were compared between patients and controls 

and analyzed by Fisher’s exact test, and the P-values #0.05 

were considered significant. Genetic data were expressed as 

odd ratio interpreted as relative risk (RR), according to the 

method of Woolf as outlined by Schallreuter et al.24 χ2 test 

was used to calculate 95% confidence interval (CI). The RR 

was calculated only for those alleles and genotypes that were 

increased or decreased in glaucoma patients as compared to 

controls. RR indicates the number of times risk of disease 

is higher in terms of allele/genotype in cases as compared 

to controls. The RR was calculated for all the subjects using 

the formula given below:

 
RR =

×
×

a d

b c  

a = number of patients with expression of allele or geno-

type, b = number of patients without expression of allele or 

genotype, c = number of controls with expression of allele 

or genotype, and d = number of controls without expression 

of allele or genotype.

Etiologic Fraction (EF) indicates the hypothetical genetic 

component of the disease. The values 0.0–0.99 are of signifi-

cance. EF was calculated for positive association only where 

RR .1 using the following formula:25

 
EF

RR 1

RR
where=

( )
,

−
=

+
 

  
f

f
a

a c  

Preventive Fraction (PF) indicates the hypothetical 

protective effect of one specific allele/genotype for the 

disease. PF was calculated for negative association only 

where RR ,1 using the following formula.25 Values ,1.0 

indicate the protective effect of the allele/genotype against 

the manifestation of disease.
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Results
The results of the genotypes and alleles distribution of 

SMOC2 polymorphism in primary glaucoma and controls 

are summarized in Tables 1–5. The representative gel picture 

for different genotypes is shown in Figure 1.

The frequency of GA genotype was significantly higher 

(P,0.01), while the frequency of GG genotype was lower 

in primary glaucoma patients as compared with controls 

(P=0.05). The difference in frequencies of genotype AA 

in the patient and control groups was not statistically 

significant (P=0.11). Frequency of allele A was found to 

be higher, while that of allele G was lower in glaucoma 

patients than in controls, but the difference was not statisti-

cally significant (P=0.38, Table 1). Further, no significant 

difference was found in the distribution of alleles and geno-

types of SMOC2 polymorphisms between male and female 

patients (Table 2).

Stratification of genotyping results into POAG and PACG 

groups and comparison of the frequency distribution of 

genotypes and alleles of SMOC2 polymorphism showed 

significant differences between the two groups. The GA 

genotype was significantly higher (P=0.04), while the GG 

genotype was significantly lower (P=0.01) in the PACG as 

compared to the POAG patients. The frequency of allele A 

was significantly higher in the PACG patients, whereas 

the frequency of allele G was higher in the POAG patients 

(Table 3, Figure 2).

The comparison of frequencies of alleles and gen-

otypes of SMOC2 polymorphism between the POAG and the 

control group is shown in Table 4. There was no significant 

difference in the allele or genotype distribution between 

the POAG patients and the controls. On the other hand, 

Table 1 allele and genotypic distribution of the SMOC2 (g.a) polymorphism in Pg patients and controls

Genotype/allele Controls (n=202)
N (Frequency %)

PG (n=204)
N (Frequency %)

P-value RR EFa/PF Odds ratio 
(95% CI)

gg 95 (47.29) 76 (37.25) 0.05b 0.66 0.23 reference
ga 90 (44.55) 119 (58.33) ,0.01b 1.74 0.24a 1.65 (1.09–2.48)
aa 17 (8.41) 09 (4.40) 0.11 0.50 0.25 0.62 (0.27–1.56)
g 280 (69.30) 271 (66.42) 0.38 0.86 0.14 1.14 (0.85–1.53)
a 124 (30.69) 137 (33.57) 0.38 1.14 0.06a

Notes: aData for eF; bstatistically significant using Fisher’s exact test. 
Abbreviations: Pg, primary glaucoma; eF, etiological fraction; PF, preventive fraction; n, number of subjects; rr, relative risk.
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Table 2 allele and genotype distribution of the SMOC2 (g.a) polymorphism in male and female primary glaucoma patients

Genotype/allele Male (n=103)
N (Frequency %)

Female (n=101)
N (Frequency %)

P-value RR EFa/PF Odds ratio 
(95% CI)

gg 41 (39.80) 36 (35.64) 0.56 0.83 0.77 reference
ga 56 (54.36) 61 (60.39) 0.39 1.2 0.11a 1.24 (0.69–2.20)
aa 06 (5.82) 04 (3.92) 0.75 0.66 0.05 0.75 (0.19–2.90)
g 138 (67) 133 (65.84) 0.83 0.94 0.02 1.05 (0.69–1.58)
a 68 (33) 69 (34.16) 0.83 1.05 0.02a

Note: aData for eF.
Abbreviations: n, number of subjects; rr, relative risk; eF, etiological fraction; PF, preventive fraction.

Table 3 allele and genotype distribution of the SMOC2 (g.a) polymorphism in POag and PaCg patients

Genotype/allele POAG (n=140)
N (Frequency %)

PACG (n=64)  
N (Frequency %)

P-value Odds ratio 
(95% CI)

gg 65 (46.42) 18 (28.21) 0.01a reference
ga 70 (50) 42 (65.62) 0.04a 2.16 (1.13–4.13)
aa 05 (3.5) 04 (6.25) 0.46 2.88 (0.70–11.88)
g 200 (71.42) 78 (60.93) 0.03a 1.60 (1.03–2.48)
a 80 (28.57) 50 (39.06) 0.03a

Note: aStatistically significant using Fisher’s exact test.
Abbreviations: POag, primary open angle glaucoma; PaCg, primary angle closure glaucoma; n, number of subjects; rr, relative risk.

Table 4 Comparison of allele and genotype distribution of the SMOC2 (g.a) polymorphism between POag patients and controls

Genotype/allele Controls (n=202)
N (Frequency %)

POAG (n=140)
N (Frequency %)

P-value RR EFa/PF Odds ratio 
(95% CI)

gg 95 (47.29) 65 (46.42) 0.99 0.97 0.01 reference
ga 90 (44.55) 70 (50) 0.34 1.24 0.08a 1.13 (0.72–1.77)
aa 17 (8.41) 05 (3.5) 0.07 0.40 0.25 0.43 (0.15–1.22)
g 280 (69.30) 200 (71.42) 0.67 1.10 0.10a 0.90 (0.64–1.26)
a 124 (30.69) 80 (28.57) 0.67 0.90 0.03

Note: aData for eF.
Abbreviations: POag, primary open angle glaucoma; n, number of subjects; rr, relative risk; eF, etiological fraction; PF, preventive fraction.

Table 5 Comparison of allele and genotype distribution of the SMOC2 (g.a) polymorphism between PaCg patients and controls

Genotype/allele Controls (n=202)
N (Frequency %)

PACG (n=64)
N (Frequency %)

P-value RR EFa/PF Odds ratio 
(95% CI)

gg 95 (47.29) 18 (28.21) ,0.01b 0.44 0.15 reference
ga 90 (44.55) 42 (65.62) ,0.01b 2.37 0.18a 2.46 (1.32–4.59)
aa 17 (8.41) 04 (6.25) 0.79 0.72 0.06 1.24 (0.37–4.12)
g 280 (69.30) 78 (60.93) 0.08 0.69 0.08 1.44 (0.95–2.18)
a 124 (30.69) 50 (39.06) 0.08 1.44 0.08a

Notes: aData for eF; bstatistically significant using Fisher’s exact test.
Abbreviations: PaCg, primary angle closure glaucoma; n, number of subjects; rr, relative risk; eF, etiological fraction; PF, preventive fraction.
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comparison of alleles and genotypes in PACG with controls 

revealed significant differences in genotype frequencies in 

the two groups. The genotype GG was significantly lower 

(P,0.01) and the genotype GA was significantly higher in the 

PACG (P,0.01) as compared to the control group. However, 

no significant difference was observed in the allelic distribu-

tion between the PACG patients and the controls (Table 5).

Discussion
The significantly higher frequencies of genotype GA of the 

SMOC2 polymorphism in the primary glaucoma patients 

as compared to the controls indicated that the genotype 

GA is associated with susceptibility to primary glaucoma 

(RR =1.74, EF =0.24). The lower frequency of genotype 

GG in the patients as compared to the controls suggested 

that genotype GG might be protective to primary glaucoma 

(RR =0.66, PF =0.23) in Saudi patients (Table 1). Our 

results indicated that there was no significant association of 

SMOC2 polymorphism with sex of the primary glaucoma 

patients (Table 2).

Comparison of the distribution of genotypes and alleles in 

POAG and PACG showed significant differences between the 

two groups (Table 3, Figure 2). Stratification of genotyping 

results into PACG and POAG and comparing with controls 

revealed that SMOC2 polymorphism is significantly associ-

ated with the susceptibility to PACG but not to POAG in the 

Saudi population, as the frequency distribution of genotypes 

and alleles was not different in the POAG and control groups 

(Table 4). On the contrary, the genotype GA was significantly 

higher and genotype GG was significantly lower in the PACG 

patients as compared to the controls (Table 5). The present 

findings indicated that genotype GG of SMOC2 might play 

a protective role in the etiology of PACG.

Our findings also suggested that carriers of the GA geno-

type of SMOC2 polymorphism are more vulnerable to PACG 

as compared to POAG possibly owing to the association of 

the SMOC2 gene with collagen I and III synthesis. An overall 

increase in collagen, particularly collagen I, has been reported 

in the iris of stroma.26 Collagen I synthesis has been reported 

2.0-fold and 5.2-fold higher in PACG cases as compared to 

POAG and nonglaucomatous cases, respectively.10 It has also 

been suggested that the increase in content and structural orga-

nization of collagen I leads to an increase in the iris rigidity and 

tensile strength, and, ultimately, changes in the biomechanical 

properties of iris and development of PACG.27,28 The role of 

SMOC2 in collagen synthesis is also supported by the ear-

lier study showing positive association of SPARC with the 

expression of collagen I in the PACG patients.10 Recently, the 

SPARC null mouse has been reported to have a lower IOP 

than the wild type mouse probably owing to decreased outflow 

resistance. The heterozygous state of SPARC in mice has also 

been associated with an intermediate phenotype suggestive 

of a dose-dependent effect of SPARC.29

SMOC2 gene polymorphism has also been associated 

with autoimmune diseases such as vitiligo and autoimmune 

thyroid disease,23,30,31 pulmonary function,32 and cancer.33 

A strong genome-wide association of SMOC2 polymorphism 

with generalized vitiligo has been reported for the high-risk 

allele in the Romanian closed population.30 An association of 

SMOC2 polymorphism has also been reported with vitiligo 

and autoimmune thyroid disease in the Jordanian Arab 

population.23,31 On the other hand, no association of SMOC2 

polymorphism was reported with susceptibility to age-related 

macular degeneration in Jordanian Arabs.34 However, the 

mechanism by which the SMOC2 gene polymorphism 

Figure 1 shows different genotypes of SMOC2 polymorphism.
Notes: lane M: 100 bp Dna marker, lane 1 and 3: homozygous (gg) wild type 
(97 bp, 165 bp, and 233 bp), lane 2: heterozygous (ga) genotype (388 bp, 233 bp, 
165 bp, and 97 bp), lane 4: mutant (aa) genotype (97 bp and 388 bp).

Figure 2 shows the frequencies of various genotypes and alleles in the controls and 
POag and PaCg patients.
Abbreviations: POag, primary open angle glaucoma; PaCg, primary angle 
closure glaucoma.
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may affect susceptibility/development of these diseases is 

still unknown, although its role in cell cycle regulation,16 

metastasis,35 and angiogenesis has been suggested.33

Another possible mechanism for SMOC2 gene poly-

morphism in the susceptibility to primary glaucoma may 

be based on the role of multiple domain glycoprotein. 

Glycoprotein encoded by SMOC2 contains two thyroglobulin 

type-I domains, two EF-hand calcium-binding domains, a 

follistatin-like domain, and a putative signal peptide.18,36 

The thymoglobulin domains bind and act as inhibitors to 

different proteases, such as serine and cysteine proteases.37,38 

The follistatin-like domains, including the Kazal-type 

protease inhibitor domain, are usually indicative of serine 

protease inhibitors. SMOC2 with multiple domains has 

the potential to act as protease inhibitors.39 The protease/

antiprotease imbalance has also been reported as a key 

factor in abnormal matrix accumulation leading to potential 

involvement in the pathogenesis of glaucoma.40 It can be 

suggested that polymorphism in the SMOC2 gene may be 

associated with low levels of protease inhibitor subsequently 

resulting in high MMPs. This is in line with a recent report 

indicating higher levels of MMP-2 in PACG and POAG 

patients as compared to controls.40

MMPs can modulate the aqueous humor flow through their 

ability to remodel trabecular meshwork in ECM, which leads 

to constant outflow resistance, resulting in increased IOP.14 

Being a matricellular protein, SMOC-2 may simulate SPARC 

in regulating cell–matrix interactions, cell adhesion, ECM 

deposition, angiogenesis, and signaling molecules such as 

cytokines and matrix proteases, as reported for SPARC.11,12,41 

It is possible that improper regulation of the SMOC2 gene 

and subsequent ECM modification may play a crucial role in 

IOP regulation and, possibly, pathophysiology of glaucoma, 

as suggested for SPARC by Chatterjee et al.12

To the best of our knowledge, this is the first study on the 

SMOC2 gene polymorphism and susceptibility to glaucoma. 

Identification of genetic susceptibility variants will lead to 

a better understanding of the role of variable risk factors in 

the etiology of glaucoma. Recently, the role of matricellular 

proteins in glaucoma has emerged as an important tool for 

therapeutic target as some of these proteins have an associa-

tion with the pathophysiology of the trabecular meshwork 

and lamina cribrosa regions, as recently suggested by Wallace 

et al.42 Therefore, such studies on matricellular protein synthe-

sizing genes will be of great value and may help in developing 

strategies for therapeutic intervention. The Saudi popula-

tion, being a closed and isolated society with a high rate of 

consanguinity (inbreeding), may represent a valuable resource 

for studying the genetics of primary glaucoma, and further 

association studies involving various genes will be helpful in 

clarifying the complex etiology of primary glaucoma.

Conclusion
The present study suggests an association of genotype GA 

of SMOC2 polymorphism with susceptibility to PACG in 

the Saudi test population. Further studies with larger sample 

sizes from different ethnicities will strengthen the observation 

of the present study.
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