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Abstract: Primary open angle glaucoma (POAG) is a one of the most common eye diseases in the world, especially 
in China. Many inflammatory markers are likely to be closely related to the development of POAG, especially cyto-
kines. The aim of our investigation is to reveal the potential association of three interleukin-6 (IL-6) gene SNPs on 
primary open-angle glaucoma risk factors in Chinese. A case-control study of 220 cases of diagnosed POAG patients 
and 248 healthy controls in Chinese was enrolled. The three single nucleotide polymorphisms of IL-6 (-1363T/G, 
-572G/C and -174G/C) were genotyped by polymerase chain reaction-restriction fragment length polymorphism 
(PCR-RFLP) method, and the results were verified by sequencing method. The results indicated that the distribution 
of the IL-6 -174G/C polymorphisms shared no significant differences between patients and controls, while the allelic 
frequencies of all of G in IL-6 -1363T/G, C in -572G/C were significantly increased in POAG patients. In conclusion, 
the IL-6 -1363T/G and -572G/C polymorphisms may contribute to genetic susceptibility to POAG in Chinese, and 
these genetic variants might be used as molecular markers for predicting the onset risk of POAG.
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Introduction

As a heterogeneous ocular disease character-
ized by optic nerve head changes and a pro-
gressive visual field loss [1, 2], glaucoma ranks 
as the second leading cause of blindness, 
which affects more than 50 million people 
worldwide, and over 11.1 million people will be 
bilaterally blind from primary glaucoma by esti-
mated [3, 4]. Since several structures are 
involved in the development of glaucoma, the 
underlying pathophysiology of glaucoma is not 
fully understood [5]. Primary open angle glau-
coma (POAG) is the most prevalent subtype of 
glaucoma, which caused about 3.3 million 
bilateral blindness worldwide [6-8]. The occur-
rence and development of POAG is often pain-
less while significant loss of vision, so it is criti-
cal important to find a new and fast way to diag-
nose POAG early for visual loss risk prediction 
[9]. Currently, the diagnosis of POAG still relies 

on a combination of tests, including intraocular 
pressure (IOP) measurement, automated visual 
field function measurement and the optic cup-
to-disc ratio measurement [10]. Although POAG 
has its own characteristic clinical features and 
distinctive pathogenesis, the detailed underly-
ing etiology of POAG is far from been fully eluci-
dated [11]. There is increasing evidence that 
multiple factors including genetic and environ-
mental factors, and their interactions, are 
involved in the occurrence and development of 
POAG [12-14]. Linkage analyses have many sus-
ceptibility genes, while these genes only take a 
very small proportion of sporadic POAG cases 
[15]. Identification of candidate genes involved 
in the occurrence and development of POAG 
could contribute to further understanding of the 
underlying mechanisms, and event a very 
important additional appropriate prevention 
strategies and targeted treatments for reducing 
this polygenic disease [16, 17]. Many inflamma-
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tory markers are likely to be closely related to 
the development of POAG, as reported by previ-
ous genetic and molecular studies [18, 19]. 
Cytokines are important mediators involved in 
the inflammatory response; more and more 
studies demonstrated that POAG can be modi-
fied by polymorphisms of interleukins, such as 
the genetic polymorphism of IL-1 beta and 
receptor antagonist gene polymorphisms with 
primary open-angle glaucoma [20] and the 
genetic polymorphism of IL-1 alpha (-889) locus 
associated with elevated risk of primary open 
angle glaucoma [21]. Interleukin-6 (IL-6) is a 
prevalent pro-inflammatory cytokine which 
plays a central role in the processes of regen-
erative or anti-inflammatory [22]. several sin-
gle-nucleotide polymorphisms in the IL-6 gene 
have been described to involve in its transcrip-
tional regulation, such as the -174G/C polymor-
phism [23], the -634C/G polymorphism, the 
-572G/C polymorphism and the -1363G/T poly-
morphism [24, 25].

Although Zimmermann, C. et al suggested that 
the interleukin 6 -174 G/C polymorphism may 
not associate with the risk of POAG in Caucasian 
patients [18], the potential association analysis 
of IL-6 -174 G>C genetic polymorphism in 
Chinese has not been studied, and the poten-
tial associations of IL-6 -1363T/G and -572G/C 
with the risk of POAG in Chinese are still poorly 
uncovered. Thus, in this study, we focused on 
investigating the distribution of these three 
SNPs of IL-6 and determing their potential influ-
ence on the risk of POAG in Chinese.

Materials and methods

Clinical samples

All the 220 patient specimens were obtained 
from Chinese adults diagnosed and/or treated 
with POAG in our hospital, during July 1 2011 to 
June 30, 2013, and all the patients were 

Chinese. Accordingly, 248 healthy age-matched 
Chinese people who had no history of any eye 
diseases were enrolled as controls in this study. 
Patients’ data about risk factors were obtained 
from questionnaires, including living environ-
ment conditions, occupation, ages and family 
history of POAG. There was no significant differ-
ence regarding age and gender between case 
and control groups (P﹥0.05). This study was 
approved by the local ethics committee, and 
the informed consent form was obtained by 
each subject.

PCR amplification and genotyping

Genomic DNA was extracted from peripheral 
venous blood by the Axygen DNA isolation kit 
(Axygen, CA) according to the recommended 
protocol, and then stored at -80°C for analyz-
ing. All polymerase chain reaction (PCR) prim-
ers were synthesized by TaKaRa Biotechnology 
Co., Ltd (Dalian, China) as references listed in 
Table 1 [24-27], and the corresponding theo-
retical annealing temperature and PCR ampli-
fied fragment lengths were also listed in Table 
1. All PCRs were carried out in 50 μL of reaction 
mixture containing 100 ng template DNA, 1× 
buffer (Tris-HCl 100 mmol/L, pH 8.3; KCl 500 
mmol/L), 0.25 μmol/L primers, 2.0 mmol/L 
MgCl2, 0.25 mmol/L dNTPs and 1.0 U rTaq DNA 
polymerase (Promega, Madison, WI, USA). The 
PCRs were performed on 94°C for 5 min, fol-
lowed by 35 cycles of 94°C for 30 s, annealing 
at the corresponding temperature (shown in 
Table 1) for 30 s and 72°C for 30 s, and a final 
extension at 72°C for 7 min. All amplified PCR 
products were preliminary checked by electro-
phoresis on 2.0% agarose gel and then ana-
lyzed under UV light. All SNPs of IL-6 gene were 
genotyped by the created restriction site-poly-
merase chain (CRS-PCR) method. Aliquots of 
10 μL amplified PCR products were digested 
with 4 U corresponding selected restriction 
enzymes (MBI Fermentas, St. Leon-Rot, 

Table 1. Primer pairs, PCR and CRS-PCR analysis for SNPs of IL-6 gene

SNPs Specific primer sequences Tm (°C) Products 
(bp)

Restriction 
enzyme Genotype (bp) References

IL-6 -1363T/G 5’-CGGGTCCTGAAATGTTAT-3’
5’-GTTGTCCCTCCAGTCTCC-3’

59 222 Tag I G: 156, 66
C: 222

[24, 25]

IL-6 -572G/C 5’-CTCCTCTAAGTGGGCTGAAG-3’
5’-CAAGCCTGGGATTATGAAGA-3’

56 212 BsrB I G: 139, 73
C: 212

[24, 25]

IL-6 -174G/C 5’-TTGTCAAGACATGCCAAAGTG-3’
5’-TCAGACATCTCCAGTCCTATA-3’

56 300 Nla III G: 233, 54, 13
C: 122, 111, 54, 13

[26, 27]
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Germany, Table 1) at the corresponding tem-
peratures for 10 h following the recommended 
supplier’s manual. Digested products were sep-
arated by 2.5% agarose gel electrophoresis 
and analyzed under UV light. 10% of randomly 
selected samples were re-analyzed by DNA 
sequencing method (ABI3730xl DNA Analyzer, 
Applied Biosystems, Foster City, CA, USA) to 
make sure concordance with the genotyping 
results from CRS-PCR.

Statistical analysis

All statistical analyses were performed by using 
the Statistical Package for Social Sciences 

software (SPSS, Windows version release 17.0; 
SPSS Inc.; Chicago, IL, USA). The chi-squared 
(χ2) test was utilized to evaluate the Hardy-
Weinberg equilibrium (HWE) in genotypic distri-
butions and clinical characteristics. A level of 
P<0.05 was considered statistically signifi- 
cant.

Results

Population characteristics

The demographic and clinical characteristics of 
the study population are summarized in Table 
2. There are no significant statistical different 
of age and gender between the POAG group 
and the healthy control group. The age range is 
40 to 87 years for the POAG group, and 41 to 
84 years for the healthy control group. The 
mean of in POAG year is 6.78±2.05 years for 
the POAG group, while 0 year for the healthy 
control group. The percentage of those who 
have historical eye diseases is 14.55% in the 
POAG group, and 0% in the healthy control 
group.

IL-6 SNPs identification and genotyping

Through CRS-PCR and DNA sequencing, we 
investigated three very important SNP sites of 
IL-6, including the -1363 T﹥G, -572 G﹥C and 
-174 G﹥C. The PCR-amplified products were 
digested with Tag I or BsrB I or Nla III restriction 
enzyme, and divided into two or three geno-
types as shown in Table 1. And the genotyping 
results were further verified by DNA sequencing 
method with 10% of the corresponding ran-
domly selected enzyme-digested products.

Genotype and allele frequencies

All genotype and allele frequencies (Figure 1) in 
the studied three SNPs were listed in Table 3. 
For the -1363 T﹥G of IL-6, the genotypic fre-
quencies of TT, TG and GG were 0.45%, 3.18% 
and 96.36% in the POAG group, and 2.03%, 

Table 2. Characteristics of the POAG group and the healthy control group in this study
Characteristics The POAG group (n = 220) The healthy control group (n = 248) P-value
Age mean (Range) (years) 58.09±12.06 (40-87) 59.37±11.92 (41-84) NSa

Gender (male/female) 89/131 102/146 NSa

In cancer years (Range) 6.78±2.05 (2.2-11.5) 0 P<0.001*

Historical eye diseases (Y/N)b 32/220 0/248 P<0.001*

Abbreviations: NSa, Not significant; Y/Nb, Has historical eye diseases/Not has historical eye diseases; *Represents statistically 
significant. The chi-squared (χ2) test was utilized to evaluate the Hardy-Weinberg equilibrium (HWE) in clinical characteristics.

Figure 1. Genotyping images for allele frequencies of 
IL-6 genetic polymorphisms. A. Genotyping image for 
-1363 T﹥G allele. B. Genotyping image for -572 G﹥C 
allele. C. Genotyping image for -174 G>C allele.
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10.57% and 87.40% in the control group; And 
the corresponding allelic frequencies in the 
POAG group and control group were 2.05% and 
7.32% for T allele, and 97.95% and 92.68% for 
G allele, respectively. For the -572 G>C of IL-6, 
the genotypic frequencies of GG, GC and CC 
were 38.18%, 41.36% and 20.45% in the POAG 
group, and 46.75%, 41.87% and 11.38% in the 
control group; And the corresponding allelic fre-
quencies in POAG group and control group were 
58.86% and 67.68% for G allele, and 41.14% 
and 32.32% for C allele, respectively. For the 
-174 G>C of IL-6, the genotypic frequencies of 
GG, GC and CC were 99.55%, 0.45% and 0% in 
the POAG group, and 99.59%, 0.41% and 0% in 
the control group; And the corresponding allelic 
frequencies in the POAG group and control 
group were 99.77% and 99.80% for G allele, 
and 0.23% and 0.20% for C allele, res- 
pectively.

Association between the -1363 T>G, and -572 
G>C SNPs of IL-6 with POAG disease

Table 3 showed the distributions of the patients’ 
risk factor characteristics of -1363 T﹥G, and 
-572 G﹥C and -174 T﹥G SNPs of IL-6 in the 
POAG group and control group. As for the -1363 
T﹥G, the GG, TG genotypes were shown with a 

much higher POAG risk than the TT genotype 
(χ2 = 12.215, P = 0.002), and the G-allele was 
associated with a much higher POAG risk than 
the T-allele (χ2 = 14.047, P<0.001). As for the 
-572 G>C, the CC, CG genotypes were shown 
with a much higher POAG risk than the GG gen-
otype (χ2 = 8.105, P = 0.017), and the C-allele 
was associated with a much higher POAG risk 
than the G-allele (χ2 = 7.797, P = 0.005). While 
there were no statistical different of the geno-
type (χ2 = 0.006, P = 0.937) and allele (χ2 =  
0.006, P = 0.937) distributions of IL-6 -174 G>C 
between the POAG group and the control group.

Discussion

Primary open angle glaucoma (POAG) is the 
most prevalent and growing subtype of glauco-
ma. Currently, many studies reported POAG 
resulting from complex interactions between 
environmental and genetic factors, and causes 
increasing rate of painless while significant loss 
of vision in the worldwide. It is generally accept-
ed that the genetic variants of candidate genes 
which influence the development of POAG may 
play key roles in the pathogenesis of POAG. In 
this case-control study, we analyzed the distri-
bution of genetic polymorphisms of the preva-
lent pro-inflammatory cytokine genes IL-6 in 

Table 3. The genotype and allele frequencies of IL-6 genetic polymorphisms in POAG group and 
healthy control group
Genotupe/Allele POAG group (n = 220) Control group (n = 246) OR (95% CI) χ2 and P-value
-1363 T>G
    TTa 1 (0.45) 5 (2.03) 1 χ2 = 12.215

P = 0.002    TG 7 (3.18) 26 (10.57) 0.743 (0.74-7.436)
    GG 212 (96.36) 215 (87.40) 0.203 (0.023-1.751)
    Ta 9 (2.05) 36 (7.32) 1 χ2 = 14.047

P<0.001    G 431 (97.95) 456 (92.68) 0.265 (0.126-0.556)
-572 G>C
    GGa 84 (38.18) 115 (46.75) 1 χ2 = 8.105

P = 0.017    GC 91 (41.36) 103 (41.87) 0.827 (0.555-1.231)
    CC 45 (20.45) 28 (11.38) 0.454 (0.262-0.787)
    Ga 259 (58.86) 333 (67.68) 1 χ2 = 7.797

P = 0.005    C 181 (41.14) 159 (32.32) 0.683 (0.523-0.893)
-174 G>C
    GGa 219 (99.55) 245 (99.59) 1 χ2 = 0.006

P = 0.937    GC 1 (0.45) 1 (0.41) 0.894 (0.056-14.377)
    CC 0 (0) 0 (0)
    Ga 439 (99.77) 491 (99.80) 1 χ2 = 0.006

P = 0.937    C 1 (0.23) 1 (0.20) 0.894 (0.056-14.337)
aHomozygous genotypes were used as reference group. OR, odds ratio and CI, confidence interval. The chi-squared (χ2) test 
was utilized to evaluate the Hardy-Weinberg equilibrium (HWE) in genotypic distributions.
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POAG patients and healthy controls in Chinese 
Population, in order to investigate the possible 
association of -1363 T﹥G, and -572 G﹥C and 
-174 G>C SNPs of IL-6 on the risk of POAG. Our 
data indicated that the distribution of allele and 
genotype frequencies of IL-6 -1363 T﹥G, and 
-572 G>C in POAG patients were statistical dif-
ferent from healthy controls (P<0.05, Table 3). 
While for the IL-6 -174 G>C, results from our 
study suggested that no statistically significant 
differences were found in the distribution of 
allele and genotype frequencies between the 
POAG patients group and the healthy control 
group (χ2 = 0.006, P = 0.937).

Our results suggesting like the associations of 
the genetic variants of IL-6 with many other dis-
ease susceptibility such as chronic periodonti-
tis [24], periodontal disease [28], advanced 
gastric cancer [22], and lung cancer [29], many 
sites of the genetic variants of IL-6, including 
the -1363 T﹥G and -572 G﹥C, are associated 
with the susceptibility of POAG in Chinese, 
which has never been reported before. While 
like reported by Zimmermann, C. et al. [18], not 
all the reported SNPs sites of IL-6 have impact 
on the susceptibility of POAG, the genetic vari-
ants of IL-6 -174 G>C may not have impact on 
the occurrence and development of POAG in 
Chinese. Although many studies showed the 
genetic variants of -1363 T﹥G, -572 G﹥C and 
-174 G>C had effect on the expression of IL-6, 
and IL-6 may play a role in the pathogenesis of 
POAG as it protect retinal ganglion cells from 
pressure-induced apoptosis, so the effects of 
genetic polymorphisms of IL-6 on the suscepti-
bility of POAG may not only on the changes of 
IL-6 expression level, implying there maybe 
other underlying mechanisms which have not 
been revealed. Results from this study may be 
providing a framework for further analyze the 
role of cytokine genes polymorphisms, even 
genetic variants of many common genes for the 
susceptibility to POAG. However, larger pro-
spective studies about evaluating the associa-
tion between the -1363 T﹥G, -572 G﹥C and 
-174 G>C or other SNPs of IL-6 on POAG risk are 
also needed to confirm these findings in larger 
different populations and to elucidate the 
underlying molecular mechanisms.
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