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Abstract
Objective: To explore the relationship between the polymorphism of optic disc related genes and the susceptibility to primary
open angle glaucoma (POAG) in Inner Mongolia.
Methods: A retrospective study was adopted to include 108 patients who were diagnosed as POAG in six hospitals in Hohhot
and Baotou from January of 2014 to December of 2016 (POAG group). At the same time, 120 healthy examinees were in-
cluded in the control group. 1-2 ml of whole blood was collected by use of EDTA anticoagulation tubes from each patient in
these two groups. It was required to fully mix EDTA with whole blood in order to extract genomic DNA and place it in the
-20°C refrigerator. Mass spectrometry was used to identify the genotype of single nucleotide polymorphism (SNP) of RFTN1
(rs690037), ATOH7 (rs7916697, rs3858145), CDC7 (rs1192415), CDKN2B (rs1063192) and SIX (rs10483727) in 108 POAG
patients and 120 normal controls. χ2 test and binary logistic regression were used to analyze the relationship between the genetic
polymorphism and the occurrence of POAG.
Results: The frequency of G allele at CDKN2B (rs1063192) in POAG group was significantly higher than that in the control
group (27% vs. 17%), and the difference was of statistical significance [odds ratio (OR) = 1.824, 95% confidence interval
(CI): 1.163-2.861, p = .008]; As to the comparison in the frequency of allele at the other 7 SNPs between the two groups, the
differences were statistically significant (all p > .05). Additive and dominant models at rs1063192 indicated that the individuals
with G allele were more susceptible to POAG, and the difference was of statistical significance (p < .05), and recessive models
showed that the risk in the individuals with A allele was not significantly reduced, and the difference was of no statistical signif-
icance (p > .05). There was no statistically significant difference in the distribution of genotypes at other SNPs between POAG
group and the control group (p > .05).
Conclusions: The genetic polymorphism of CDKN2B (rs1063192) is associated with the susceptibility to POAG, and G allele
may increase the risk for POAG.
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Glaucoma is a multifactorial disease caused by a variety
of environmental factors and genes.[1] Primary open an-
gle glaucoma (POAG) accounts for more than 50% in all
types of glaucoma, ranking the second place in the table

of blinding diseases, and has the characteristics of hered-
ity, progressivity and irreversibility.[2] The manifestation of
POAG is presented as elevated intraocular pressure with an-
terior chamber angle always open. The progressive stage
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is characterized by progressive atrophy of optic disc cup-
ping, painless vision loss and glaucomatous visual field de-
fect, which may eventually lead to blindness. Due to the
lack of typical clinical symptoms, glaucoma in the early
stage may be misdiagnosed as fatigue, migraine and gas-
troenteritis, so that it is not treated in time or ignored (only
one eye is given treatment). Therefore, it will not be no-
ticed until the loss of vision even visual field defect in a
considerable scale gradually appear, at that time, the loss
of visual function is irreversible. POAG is a main type
of glaucoma occurring in African, European and Ameri-
can people. Nevertheless, primary angle-closure glaucoma
(PACG) is a common glaucoma type in Asian people. Due
to the covert onset of POAG and the lack of specificity in
its early diagnosis, the patients’ visual function is seriously
damaged when they admit to the hospital. Even if com-
bined medication or surgical treatment is given, it fails to
control the intraocular pressure effectively, delay the optic
atrophy or control the intraocular pressure within the nor-
mal range, but the optic damage remains to be progressive.
Therefore, the early diagnosis and treatment of POAG can
maintain the present vision at the maximum and delay the
progression of glaucoma. POAG is not only related to hy-
pertension, diabetes mellitus, family history, smoking and
other risk factors, but also related to heritable and genetic
variations.[3] It is found that the changes in optic disc area
and vertical cup disc ratio (VCDR) precede those in visual
field and have a certain heritability. Therefore, it is of great
significance to study the relationship between the polymor-
phism of the optic disc related genes and the susceptibil-
ity to POAG. So far, it has reported more than 20 genes or
sites that are related to the pathogenesis of POAG,[4] such
as CAV1, CAV2, CDKN2B-AS1, CDKN2A, CDKN2B
and TMCO1.[5, 6] Most of these sites are screened out by
genome-wide association study (GWAS), and there are few
reports aimed at Chinese people. Considering the differ-
ences in region and race, this research was designed to study
the relationship of the optical disc area and the polymor-
phism of VCDR related genes [RFTN1 (rs690037), ATOH7
(rs7916697, rs3858145), CDC7 (rs1192415), CDKN2B
(rs1063192) and SIX (rs10483727)] with the susceptibility
to POAG in Chinese population.

1 Data and methods
1.1 General information

A retrospective study was adopted to include 108 cases of
patients who were diagnosed as POAG in six hospitals (Bao-
gang Honspital, the First Affiliated Hospital of Baotou Med-
ical College, Inner Mongolia International Mogolian Hos-
pital, Baotou Eye Hospital, Baotou Chaoju Ophthalmology
Hospital and Hohhot Chaoju Ophthalmology Hospital) in
Hohhot and Baotou in Inner Mongolia Autonomous Region
from January of 2014 to December of 2016. There were

60 cases of male patients and 48 cases of female patients at
the age of (49.67 ± 8.26) with a course of (3.2 ± 1.5) years.
Inclusion criteria for patients in POAG group: (1) Under
high intraocular pressure, it was observed that the cham-
ber angle was in an open state with the help of gonioscopy;
(2) The intraocular pressure exceeded 21 mmHg (1 mmHg =
0.133 kPa) two times in 1 d at least, and the fluctuation of in-
traocular pressure was more than 6 mmHg within 1 day; (3)
Fundus examination: C/D ≥ 0.3, with optic disc changes to
different degrees; (4) Visual field examination revealed dif-
ferent degrees of glaucomatous visual field defect; (5) OCT
results revealed the damage in the retinal nerve fiber layer.

In the same period, 120 healthy subjects were included in
the control group, which consisted of 54 male patients and
66 female patients at the age of (47.41 ± 14.32). Inclusion
criteria for patients in the control group: (1) The intraoc-
ular pressure was less than or equal to 21 mmHg; (2) Pe-
ripheral anterior chamber depth was more than 1/2 corneal
thickness (CT) and axial anterior chamber depth was more
than 2 CT; (3) Fundus examination: C/D was less than or
equal to 0.3; (4) Microscopy and ophthalmoscopy showed
no refractive media opacity, no other eye diseases (except
for ametropia) and family history of glaucoma; (5) Normal
pupil size; (6) Normal chromatic vision; (7) B-scan ultra-
sonography showed no intraocular lesions such as retinal
detachment or lens dislocotion; (8) OCT examination re-
vealed no defect in the retinal nerve fiber layer or fundus
lesions. According to the principle of frequency matching,
there were no statistically significant differences in gender
and age composition between POAG group and the control
group (all p > .05). The research was approved by Ethics
Committee of Baogang Hospital and all patients signed in-
formed consent forms.

1.2 Methods

1-2 ml fasting venous blood was taken from the patient’s
elbow in each patient in these two groups with EDTA anti-
coagulation tubes, overturned and blended for 8-10 times to
make sure EDTA and whole blood were fully mixed up for
the optimal anticoagulant effect, and placed in a -80°C re-
frigerator for cryopreservation. Whole blood DNA purifica-
tion kits (Beijing Cwbiotech Co., Ltd.) were used to extract
genomic DNA, which was placed in a -20°C refrigerator.
PCR reagent kits (Agena Bioscience, USA) were applied to
PCR. Assay Design Suite v2.0, an online primer designing
software (Agena Bioscience, USA) was used to automati-
cally design PCR primers and extension primers for geno-
typing single nucleotide polymorphism (SNPs). MALDI
mass spectrometer was applied to the analysis of samples
to be tested. MassARRAY Typer software automatically
interprets the peak of relative molecular mass detected by
mass spectrometry and converts it into mass spectrum cor-
responding to SNP sites for genotyping.
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1.3 Statistical methods

SPSS 17.0 statistical software was applied to statistical anal-
ysis. Chi-square test or Fisher’s exact test was used in the
analysis of the difference in allele frequency of each SNP
site in POAG group and the control group. Binary logistic
regression was applied to the correlation analysis of geno-
type and disease, with age and gender adjusted to calculate
p value, odds ratio (OR) and 95% confidence interval (95%
CI). The regression analysis was carried out according to
different genetic models. It was assumed that there were
three genotypes: AA, Aa and aa, if “a” was considered as
a risk gene, additive model meant as long as there was one
“a” in the genotype, the frequency was counted. Therefore,
the frequencies of AA, Aa and aa were 0, 1 and 2. Domi-
nant model required that the frequency was counted as long
as there was one “a” in the genotype. The corresponding
frequencies of AA, Aa and aa were 0, 1 and 1 respectively.
In recessive model, if two “a” were in the genotype, the fre-
quency was counted. Therefore, the frequencies of AA, Aa
and aa were 0, 0 and 1 respectively. The difference (p < .05)
was of statistical significance.

2 Results
2.1 Allele frequency distribution of SNP sites in the

optic disc related genes

The genotype distribution of SNPs in the optic disc re-
lated genes in the control group was consistent with Hardy-
Weinberg equilibrium (HWE) (p > .05), indicating that
the research data were of group representativeness. χ2

test was applied to the analysis of allele frequency dis-
tribution of SNP sites in the optic disc related genes
in POAG group and the control group, and the results
confirmed that the frequency of G allele at CDKN2B

(rs1063192) in POAG group was obviously higher than
that in the control group (OR = 1.824, 95% CI: 1.163-
2.861, p = .008). However, as to the frequency of al-
lele at RFTN1 (rs690037), ATOH7 (rs7916697, rs3858145),
CDC7 (rs1192415) and SIX (rs10483727), the differences
between these two groups were not statistically significant
(all p > .05) (see Table 1).

2.2 The relationship between genotype distribution
of SNP and POAG

Binary logistic regression was used to analyze the genotype
distribution of SNP in the optic disc related genes in POAG
group and the control group to figure out dominant, reces-
sive and additive models, with age and gender adjusted. The
additive model at CDKN2B (rs1063192) site showed that
the individuals with G/A genotype were 1.81 times and the
individuals with G/G genotype were 2.60 times more sus-
ceptible to POAG than the individuals with A/A genotype.
The difference was statistically significant (p < .05). The
dominant model showed that, in comparison with the indi-
viduals with A/A, the individuals with G allele were 1.94
times more susceptible to POAG, and the difference was
of statistical significance (p < .05). However, the reces-
sive model showed no significant decrease in the risk for
POAG in the individuals with A allele in comparison with
the individuals with G/G (p > .05), indicating that G al-
lele at CDKN2B (rs1063192) site could be a risk gene for
POAG, but A allele was not a protective gene. Nevertheless,
there was no statistically significant difference in the distri-
bution of other SNP genotypes between POAG group and
the control group (p > .05), indicating that alleles at ATOH7
(rs7916697), ATOH7 (rs3858145), CDC7 (rs1192415), SIX
(rs10483727) and RFTN1 (rs690037) sites were neither
POAG risk genes nor protective genes (see Table 2).

Table 1: Allele frequency of SNP in optic disc related genes in two groups
 

 

Gene  SNPs  Allele (M/m)  
Allele Frequency 

OR (95% CI)  p value  
POAG Group  Control Group  

CDKN2B  rs1063192  A  157 (73%)  199 (83%)  1.824  
.008  

  G  59 (27%)  41 (17%)  (1.163-2.861)  

ATOH7  rs3858145  A  142 (66%)  168 (70%)  1.216  
.330  

  G  74 (34%)  72 (30%)  (0.820-1.803)  

ATOH7  rs7916697  G  150 (69%)  182 (76%)  1.381  
.126  

  A  66 (31%)  58 (24%)  (0.913-2.088)  

CDC7  rs1192415  A  168 (78%)  200 (83%)  1.429  
.133  

  G  48 (22%)  40 (17%)  (0.895-2.279)  

SIX  rs10483727  C  168 (78%)  171 (71%)  0.708  
.111  

  T  48 (22%)  69 (29%)  (0.463-1.084)  

RFTN1  rs690037  C  93 (43)  123 (51%)  1.390  
.080  

  T  123 (57%)  117 (49%)  (0.961-2.012)  

Note. SNPs: single nucleotide polymorphism; POAG: primary open angle glaucoma; OR: odds ratio; CI: confidence interval  
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Table 2: Genotype distribution in SNP sites in optic disc related genes in two groups
 

 

Gene  SNPs  

Additive Model  Dominant Model  Recessive Model 

p value  OR (95% CI)   p value  OR (95% CI)   p  value OR (95% CI)   

CDKN2B  rs1063192  .047  2.60 (0.91-7.41)   .017  1.94 (1.13-3.36)   .137  2.16 (0.77-3.25)  

ATOH7  rs3858145  .594  0.77 (0.34-1.78)   .276  1.34 (0.79-2.25)   .766  0.89 (0.40-1.96)  

ATOH7  rs7916697  .132  1.30 (0.79-2.14)   .124  1.51 (0.90-2.55)   .469  1.43 (0.54-3.79)  

CDC7  rs1192415  .104  4.82 (0.99-23.48)   .393  1.27 (0.73-2.20)   .074  4.72 (0.98-22.74)  

SIX  rs10483727  .235  0.64 (0.23-1.78)   .089  0.63 (0.37-1.07)   .595  0.76 (0.28-2.08)  

RFTN1  rs690037  .258  1.75 (0.88-3.47)   .243  1.42 (0.79-2.58)   .123  1.55 (0.89-2.71)  

Note. SNPs: single nucleotide polymorphism; OR: odds ratio; CI: confidence interval  

 

3 Discussion

The pathogenesis of POAG is not completely clarified and
it is generally believed to be the result of the interaction be-
tween multiple genes and the environment. POAG is char-
acterized by the changes in the structure and the function of
optic disc, ultimately leading to optic nerve atrophy. There-
fore, the early diagnosis and prevention of POAG is of great
significance.

The present study confirms that the changes in the structure
and the function of optic disc precede those in visual field.
Hence, the measurement of optical disc parameters, includ-
ing optic disc area and VCDR, can contribute to the early
diagnosis of POAG.[7] The enlargement of optical disc area
is a risk factor for the onset of POAG.[8] Abnormal enlarge-
ment of VCDR is also an important factor in the pathogen-
esis of POAG.

The heritability of optic disc area and VCDR can reach up to
52%-59% and 48%-80% respectively, indicating that POAG
has a hereditary susceptibility.[9] Some studies have found
that optic disc related genes and polymorphic sites are as-
sociated with the susceptibility to POAG in Caucasian and
Asian population, and SNP sites can be used as biologi-
cal markers for the early diagnosis and risk prediction of
POAG. Macgregor et al.[10] found in the research on GWAS
in two groups of twins in Australia, ATOH7 (rs3858145)
and RFTN1 (rs9607429) were associated with the optic disc
area. Further combined with literature reports for Meta-
analysis, it confirmed two sites - rs190004 and rs690037
- of ATOH7 were also associated with the optic disc area.
Ramdas et al.[11] have made a Meta-analysis of GWAS
data and screened out two sites associated with the optic
disc area: CDC7 (rs1192415) and ATOH7 (rs1900004); and
two sites associated with VCDR: CDKN2B (rs1063192)
and SIX (rs10483727). Fan et al.[12] have analyzed related
genotypes in 539 white patients with POAG and 336 nor-
mal subjects in USA, and found that the polymorphism of

CDKN2B (rs1063192) and SIX (rs10483727) are associated
with POAG, and rs1063192 is associated with small VCDR,
which could reduce the risk, while rs10483727 is associ-
ated with large VCDR, which could increase the risk for
the disease. Burdon et al.[6] have made a GWAS study to
European-Australian individuals and revealed another site
which is considered to be associated with optic disc, it is at
the antisense strand RNA1 of CDKN2B, named rs497756
(CDKN2B-AS1) and located near CDKN2B (rs1063192).
It can regulate the expression of CDKN2A and CDKN2B
genes. Cao et al.[13] screened out 13 genes and 18 sites (in-
cluding the above genes and sites) related to optic disc in the
Afro-Caribbean, and only the polymorphism of CDKN2B
(rs1063192) was found to be related to POAG.

In this study, the genotype analysis was conducted to 6 SNP
sites in 108 POAG patients in Inner Mongolia Autonomous
Region (Hohhot and Baotou) and 120 normal subjects. Only
the polymorphism of CDKN2B (rs1063192) was found to
be significantly correlated with the susceptibility to POAG.
CDKN2B, namely, cyclin dependent kinase inhibitor 2B,
can regulate cell proliferation, differentiation, cell cycle
and apoptosis with the help of transforming growth factor
(TGF-β), and it is associated with some diseases such
as neuroglioma, diabetes and acute myocardial infarc-
tion.[14–16] TGF-β is a type of multi-functional cytokines
synthesized by a variety of tissue cells, secreted in many of
optical tissues. It can promote the proliferation of extracel-
lular matrix and fibroblasts, resulting in increased intraocu-
lar pressure and inducing glaucoma.[15]

rs1063192 is located in the 3’ untranslated region (UTR)
of CDKN2B gene, and 3’ UTR has binding targets of
miRNA or siRNA. Binding to the target may cause mRNA
degradation or terminate translation, and regulate the pro-
tein expression of the target gene. Therefore, many ex-
perts are dedicated to the research on the polymorphism of
CDKN2B (rs1063192) and CDKN2B-AS1 (rs4977757) and
the susceptibility to POAG. However, G allele at CDKN2B
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(rs1063192) that increases the risk for neuroglioma, dia-
betes and acute myocardial infarction can significantly re-
duce the risk for POAG. Cao et al.[13] studied the genotype
of CDKN2B (rs1063192) in 437 Afro-Caribbean people (in-
cluding 272 POAG patients) and found that G allele only ac-
counted for 3.9% in POAG group, and reached up to 9.4%
in the control group. The difference was statistically signif-
icant. Fan et al.[12] also drew the same conclusion from the
study to American white people, indicating that G allele at
CDKN2B (rs1063192) was found to be a protective gene for
POAG.

This research team first studied the relationship between
the genotype distribution of RFTN (rs690037), ATOH7
(rs7916697, rs3858145), CDC7 (rs1192415), CDKN2B
(rs1063192) and SIX (rs10483727) and the susceptibility
to POAG in Asian population. The results showed that G
allele at CDKN2B (rs1063192) significantly increased the
risk for POAG in the Asian, and the analysis of recessive,
dominant and additive models indicated that G allele was a
risk gene, but A allele was not a protective gene for POAG,
which seemed to be contrary to the research results acquired
by Fan et al.[12] and Cao et al.[13] It was mainly because
of different research objects. Fan et al.[12] made a study
aimed at American white people, Cao et al.[13] took Afro-
Caribbean people as research objects, but the research ob-
jects were the Asian (including Mongolian people and Han
people in Northern China). Gene polymorphism is closely
related to factors such as nationality, ethnicity and region,

and researches aimed at different human groups lead to dif-
ferent results, even opposite results.

In conclusion, this study demonstrates that mutant geno-
types (GA or GG) of CDKN2B (rs1063192) are associated
with the increase in the susceptibility to POAG, i.e., G al-
lele is considered to be a risk gene for POAG. The gene
polymorphism of RFTN1 (rs690037), ATOH7 (rs7916697,
rs3858145), CDC7 (rs1192415) and SIX (rs10483727) sites
is not correlated with the susceptibility to POAG. In the
subsequent studies, we will further collect cases from other
regions of Inner Mongolia to obtain more information and
make a layering study of the relationship between the gene
polymorphism and the susceptibility to POAG in Mongo-
lian and Han people. It will provide more clinical thoughts
and reference bases for the prevention and clinical study of
POAG.
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