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Polymorphisms of vascular endothelial growth factor
—2578C/A 15699947 are risk factors for diabetic
retinopathy in type-2 diabetes mellitus patients in
Bali, Indonesia
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Abstract

Background: Diabetic retinopathy (DR) is one of the complications in diabetes mellitus (DM) which caused by micro-
vascular damage in the retina due to long term metabolic changes in diabetes. To date, there has been much research targeted
on the determinant of genetic identification in DR patients. In DR, Vascular Endothelial Growth Factor (VEGF) gene is
accountable for breaking down the blood-retinal barrier and implicated in the role of neovascularization. It is thought that
the polymorphism of VEGF -2578C/A (rs699947) contributed to the development of diabetic retinopathy in type 2 DM.

Aim: To determine whether the polymorphisms of VEGF-2578C/A are the risk factors for DR in type 2 DM patients in
Bali, Indonesia.

Methods: This study is a case-control model comparing 33 cases DR patients in type-2 diabetes mellitus and 35 cases of
non-DR as controls in Balinese ethnic. Polymorphisms of VEGF-2578C/A were examined by PCR analysis and DNA
sequencing on rs699947 to identify any variation in A/C/T allele distribution. Chi-square test was used to analyze the
data and determine the relation of polymorphism and DR.

Results: This research showed the genetic variation existence in VEGF-2578C/A polymorphism significantly (p = 0,000)
with C allele was higher in the DR group, in contrast, A and T allele were greater in the non-DR group compared to DR
group. The result showed that C allele in VEGF-2578 contributed as a risk factor (OR = 13.05; 95% CI = 2.69-63.18; p =
0.001) for DR in type-2 DM (T2DM) patients in Bali, Indonesia.

Conclusion: Polymorphism of VEGF-2578C/A (1s699947) allele distribution can be concluded as a risk factor of DR
within T2DM patients in Bali, Indonesia. This study may also be used to expand the knowledge in managing DR pa-
tients at an earlier stage to avoid further complications.

Keywords: Diabetes Mellitus, Diabetic Retinopathy, SNP rs699947, VEGF Polymorphism

1. Introduction T2DM is a multifactorial condition accompanied
by hyperglycemia that potentially caused macro-
D iabetes mellitus incidence specifically type-2 vascular and microvascular complications. One of

. . . the microvascular complications that may occur is
diabetes mellitus (T2DM) continuously o - pucations may
increasing in both developed and developing diabetic retinopathy [3,4]. Diabetic retinopathy (DR)

o . ! is the major contributor to visual disturbances in
countries including Indonesia. In 2019, there were patients who are still of productive age [5]. The
an estimated 463 million cases of T2DM[1] and prevalence of DR in patients with diabetes is 22-
WHO (2015) estimated that there will be an in-  37%. There is microvascular impairment in the

crease as many as 21.3 million cases by 2030 [2]. retina due to persistent metabolic changes exposure
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in diabetes. If the condition is allowed to continue, it
can lead to blindness [6,7]. In 2015, DR was esti-
mated to be the seventh leading cause of blindness
worldwide [8]. Patients with controlled levels of
blood sugar can develop DR complications even in
their early phases of diabetes. However, some other
patients with years of diabetes do not develop DR
complications. These demonstrated the fact that the
incidence of DR is not only caused by hyperglyce-
mia. Several studies have shown a role for genetics
in DR [7,9,10].

VEGEF is an angiogenesis and growth factor that is
closely related to vascular permeability in endo-
thelial cells [11]. Activation of VEGF is associated
with induced-microvascular changes in hypoxaemic
conditions in DM patients or hyperglycemic condi-
tions [12,13]. VEGF activation causes significant
damage to the blood-retinal barrier and can also
induce neovascularization in proliferative diabetic
retinopathy [14,15]. Several studies suggest that the
presence of a single nucleotide polymorphism
(SNP) —2578 in the VEGF promoter region can affect
the development of diabetic retinopathy. However,
some results of studies differ from many countries
[16—20]. These varying results can be caused by
ethnic differences factors [21].

Polymorphism of the VEGF -2578C/A gene is one
of the polymorphisms that occur in the promoter
region of the 5 untranslated region (UTR) [22,23].
The promoter is located in the upstream area of the
regulated gene and is the site of binding to activa-
tors or transcription factors. Several sites that bind
to transcription factors are found in the 5 UTR and
polymorphisms in this region cause differences in
VEGF expression [23]. There are 3 references of
allele variations in rs699947, namely A/C/T with the
A allele as the ancestral allele [24]. This study aims
to determine the polymorphism relationship of
VEGF-2578C/A (rs699947) as a risk factor for DR in
type 2 DM patients in Bali, Indonesia.

2. Methods
2.1. Study subject

This study is a case-control study which already
approved by institutional ethics committee (289/
UN14.2.2.VI1.14/L.P/2020). It aims to determine the
polymorphisms that were found are risk factors for
diabetic retinopathy in T2DM patients in Bali.
Sample size planning was calculated based on
reference with a total of 68 samples (33 T2DM pa-
tients with DR and 35 T2DM patients without DR)
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were used in this study using stored biological
material from previous studies [7] at the Depart-
ment of Biochemistry, Faculty of Medicine, Udayana
University in the form of DNA isolates of type 2
diabetes mellitus patients in Bali.

2.2. Polymorphism detection

Polymorphisms were detected by Polymerase
Chain Reaction (PCR) analysis followed by DNA
sequencing. The VEGF gene promoter fragment
with polymorphism —2578C/A was amplified by
PCR wusing forward primers: 5-GGCCTTAGG
ACACCATACC-3 and reverse primers: 5'-
CACAGCTTCTCCCCTATCC-3, amplifying frag-
ments of 456 bp. PCR was performed using the
GoTaq® Green Master Mix PCR Kit from Promega.
Amplification was carried out in 40 cycles each
consisting of predenaturation of 95°C for 10 mi-
nutes, denaturation of 94°C for 35 seconds, anneal-
ing 58°C for 40 seconds, 72°C for 45 seconds, and
extension 72°C for 10 minutes. The PCR product
results are then sequenced (Fig. 1). Polymorphisms
were analyzed based on electropherograms
confirmed by BLAST with reference sequences in
the gene bank [24].

2.3. Statistical analysis

The data obtained were entered in a master table
for analysis using the computer program SPSS 25.0
with clinical data summarized with the mean =+
standard deviation between cases and controls and
the normality of the variables was tested by inde-
pendent t- and Mann-Whitney U tests. Chi-square
test was conducted to prove the association between
diabetic retinopathy variables and polymorphism of
VEGF -2578 C/A with a significance of p < 0.005.

3. Results

Because this study used the samples of stored bio-
logical material, the data of basic characteristics of the
sample have been obtained and have been analyzed,
The univariate description can be seen in Table 1.

According to Table 2, in the DR (+) case group
with a total of 33 samples, we found that there were
31 samples of C allele (93.9%), 1 A allele (3%), and 1
T allele (3%). Whereas in the DR (—) control group
with a total of 35 samples, there were 19 samples of
C allele variation (54.3%), 6 samples of the A allele
(17.1%), and 10 samples of T allele (28.6%). These
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Fig. 1. PCR result visualized in gel electrophoresis.

polymorphisms were determined by DNA
sequencing as shown in Fig. 2.

We found that there was a significant association
of polymorphism of VEGF -2578C/A (rs699947) in
the DR and non-DR groups with high allele poly-
morphism variation in the DR group, while the A
and T allele were higher in the non-DR group in

Table 1. Characteristic between Case and Control Group.

Characteristic DR Non-DR P
N =33 N =35
Sex
Male (n) 21 19 0.434
Female (n) 12 16
Age (years) 50.15 + 7.02 54.71 + 9.86 0.031
Duration of DM (years) 7.42 + 3.61 6.1 +5.36 0.036
Family history of DM
Yes (n) 24 21 0.268
No (n) 9 14

BMI (kg/m?2) 2458 + 3.04 25.2 +4.27 0.495
Waist Circumference (cm) 93.03 + 743 90.45 + 11.35 0.184
HbA1c (%) 8.66 + 2.03 8.72 + 2.96 0.488

T2DM patients in Bali (OR = 13.05; 95% CI = 2.69-
63.18; p = 0.001) as shown in Table 3.

4. Discussion

The allele variations in the rs699947 region can
cause differences in VEGF gene expression. It refers
to the clinical differences between one patient and
another. Based on several studies that have been
conducted, there were significant and insignificant
variations in the association between SNP VEGF at
nucleotide position —2578 (rs699947) with variations
in C and A alleles which are associated as risk fac-
tors for DR in various populations [21,25,26]. A
meta-analysis of eight studies in 2,402 patients in

Table 2. Allele Distribution of VEGF -2578C/A Polymorphism Gene.

Variable Allele A Allele C Allele T P
DR (+) 1 (3.0%) 31 (93.9%) 1 (3.0%) 0.000
DR (-) 6 (17.1%) 19 (54.3%) 10 (28.6%)

Significance at p < 0.005.

Significance at p < 0.005.
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Table 3. VEGF -2578C/A Polymorphism Gene for Case and Control as
Risk Factor for DR.

Allele DR (+) DR (-) Odds ratio p value
n =33 n =235 (95% CI)
C 31 (93.9%) 19 (54.3%) 13.053 (2.69-63.18)  0.001

A+T 2(6.1%) 16 (45.7%)
Significance at p < 0.005.

Asia and Europe, as well as 500 patients study in
China, declared that the polymorphism rs699947
VEGF-2578C/A significantly associates with DR in
T2DM individuals [18,19]. According to a meta-
analysis study with 1,702 Caucasian and Asian pa-
tients, the correlation of rs699947 (—2578C/A) and
DR polymorphisms was significant for Asians but
not for Caucasians [20]. However, a meta-analysis of
2,208 Asian and Caucasian patients, 126 Egyptian
patients, and a combined study of 1,040 Chinese
ethnicity patients, found no significant association of
15699947 (—2578C/A) polymorphism with DR in
T2DM patients [16,17,27,28].

In this study, a major difference in allele fre-
quency was discovered (p = 0.000) on SNP VEGF
-2578 (rs699947) where the C allele was the most
common allele variation found in both the DR and
non-DR groups. This is similar to several other
studies in various countries regarding the relation-
ship of polymorphism of VEGF rs699947 with DR on
T2DM [21,25,29,30]. Besides, this study also found
variations in the A and T alleles in the DR and non-
DR groups respectively. In this case, there have not
been any other studies that discuss the relationship
of the T allele in the polymorphism of VEGF-2578
(rs699947) with DR.

Based on the analysis of VEGF-2578 rs699947
polymorphism association with DR within T2DM
patients in Bali, it was found that there was a sig-
nificant relationship with a higher percentage of C
allele in the DR group compared to non-DR. Be-
sides, A and T alleles were found higher in the non-
DR group compared to DR. It showed that the C
allele plays a role as a risk factor for DR in T2DM
patients in Bali (OR = 13.05; 95% CI = 2.69-63.18; p
= 0.001). This association is in line with the C allele
which facilitates the binding site for hypoxia-
inducible factor 1 alpha (H1F1a). On the other hand,
A allele reduces the number of those binding sites
[31,32]. H1F1 takes place as a major component in
the activation of VEGF gene expression induced by
hypoxia, as it binds to the hypoxia responsive
element (HRE) [33—35]. Excessive VEGF expression
in a hypoxic state results in proliferation and
migration of retinal endothelial cell and retinal
vascular leakage which lead to neovascularization
[15,36,37].
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Several other studies that have been carried out in
various populations of countries to discover the
relation between the VEGF-2578 gene (rs699947)
and DR had various results. Chun et al., (2010)
discovered a considerably greater percentage of the
C allele within the non-DR group, while the per-
centage of A allele is more in the DR group, thus it
indicates a protective nature of the C allele at
rs699947 in the incidence of DR in the Korean
population [30]. The same thing was also found
significant in the study of Nakamura et al., (2009) in
Japan with the percentage of C allele more in the
non-DR group and the A allele in the DR group.
They estimated that the A allele on SNP VEGF-2578
was associated with proliferative DR by regulating
increased mRNA levels of the VEGF gene which
subsequently increased intraocular VEGF synthesis
[21].

The difference in the results of these studies can
be caused by ethnic differences between the study
samples [20,38,39]. In general, the frequency of
allele susceptibility varies in each population. Thus,
the different results could be due to differences in
allele frequencies among the study population
[40,41].

5. Conclusion

We found that there was a significant association
in polymorphisms of VEGF -2578C/A rs699947 as
risk factors of DR. Three alleles were found, i.e. A, C,
and T allele. C allele was the risk factor in devel-
oping DR, while A and T allele were found to be the
protective factors for the incidence of DR within
T2DM patients in Bali, Indonesia.

Authorship contributions

Conception and design of study: A.R. Wijaya, LW.
Surudarma, D.M. Wihandani; acquisition of data:
A.R. Wijaya, LW. Surudarma, D.M. Wihandani;
analysis and/or interpretation of data: A.R. Wijaya,
LW.A. Sudharta Putra. Drafting the manuscript:
A.R. Wijaya; revising the manuscript critically for
important intellectual content: LW. Surudarma,
D.M. Wihandani, LW.A. Sudharta Putra. Approval
of the version of the manuscript to be published (the
names of all authors must be listed): A.R. Wijaya,
ILW. Surudarma, D.M. Wihandani, L W.A. Sudharta
Putra.

Conflict of interest

The authors have NO affiliations with or
involvement in any organization or entity with any

=
-
o
=
&
<
]
=
z
o
&=
o




o
z
2
Z
>
=
>
~
=
@)
Q
3

16 A.R. WIJAYA ET AL

POLYMORPHISMS OF VEGF -2578C/A RS699947 ARE RISK FACTORS FOR DIABETIC RETINOPATHY IN

TYPE-2 DIABETES MELLITUS PATIENTS IN BALI, INDONESIA

financial interest (such honoraria; educational
grants; participation in speakers’ bureaus; mem-
bership, employment, consultancies, stock owner-
ship, or other equity interest; and expert testimony
or patent-licensing arrangements), or non-financial
interest (such as personal or professional relation-
ships, affiliations, knowledge or beliefs) in the sub-

ject matter or materials discussed in this
manuscript.
Acknowledgments

The authors were thankful to all participants that
were involved in this study. This work was sup-
ported by grants from the research institutions and
community service of Udayana University, The
Ministry of Research, Technology and Higher Edu-
cation of the Republic of Indonesia, contract num-
ber: B/3551/UN14.2.2VII.1/PT.01.03/2020.

These funding agencies did not influence the
study design, data collection and analysis, decision
to publish, or preparation of the manuscript.

References

[1] Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S,
Unwin N, et al. Global and regional diabetes prevalence
estimates for 2019 and projections for 2030 and 2045: Results
from the International Diabetes Federation Diabetes Atlas,
9th edition [Internet] Diabetes Res Clin Pract 2019 Nov 1:157.
https://doi.org/10.1016/j.diabres.2019.107843. Available from:

[2] WHO. Diabetes [Internet]. Available from: https://www.who.

int/nmh/publications/fact_sheet_diabetes_en.pdf.

Soelistijo S, Novida H, Rudijanto A, Soewondo P, Suastika K,

Manaf A, et al. Konsesus Pengelolaan Dan Pencegahan

Diabetes Melitus Tipe2 Di Indonesia 2015 [Internet] Perkeni

2015:82. Available from: https://www.google.com/url?

sa=t&source=web&rct=j&url=https://pbperkeni.or.id/wp-

content/uploads/2019/01/4.-Konsensus-Pengelolaan-dan-

Pencegahan-Diabetes-melitus-tipe-2-di-Indonesia-

PERKENI-2015.

pdf&ved=2ahUKEwjy8KOs8cfoAhXCb30KHQb1CkOQF

jADegQIBhAB&usg=AOwv.

[4] Chawla A, Chawla R, Jaggi S. Microvascular and macro-
vascular complications in diabetes mellitus: Distinct or con-
tinuum? [Internet]. Indian Journal of Endocrinology and
Metabolism, vol. 20. Medknow Publications; 2016. p. 546—53
[cited 2020 Nov 11]. Available from: pmc/articles/
PMC4911847/?report=abstract.

[5] Lee R, Wong TY, Sabanayagam C. Epidemiology of diabetic
retinopathy, diabetic macular edema and related vision loss
[Internet] Eye Vis 2015 Dec;2(1) [cited 2020 Sep 21];Available
from: https://pubmed.ncbi.nlm.nih.gov/26605370/.

[6] Priscakova P, Minarik G, Repiska V. Candidate gene studies
of diabetic retinopathy in human [Internet]. Molecular
Biology Reports, vol. 43. Springer Netherlands; 2016. p.
132745 [cited 2020 Sep 21]. Available from: https://pubmed.
ncbi.nlm.nih.gov/27730450/.

[7]1 Wihandani DM, Suastika K, Agus Bagiada IN, Malik SG.
Polymorphisms of Aldose Reductase (ALR2) Regulatory
Gene are Risk Factors for Diabetic Retinopathy in Type-2
Diabetes Mellitus Patients in Bali, Indonesia [Internet] Open
Ophthalmol J 2018 Oct 18;12(1):281—8 [cited 2020 Oct 24];
Available from: pmc/articles/PMC6198411/?report=abstract.

[3

—_—

8]

[9

—_—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

BioMedicine
2021;11(2):11-17

Flaxman SR, Bourne RRA, Resnikoff S, Ackland P,
Braithwaite T, Cicinelli MV, et al. Global causes of blindness
and distance vision impairment 1990—2020: a systematic re-
view and meta-analysis [Internet] Lancet Glob Heal 2017 Dec
1;5(12):€1221—34 [cited 2020 Oct 23]. Available from: https://
pubmed.ncbi.nlm.nih.gov/29032195/.

Han ], Lando L, Skowronska-Krawczyk D, Chao DL. Ge-
netics of Diabetic Retinopathy [Internet]. Current Diabetes
Reports, vol. 19. Current Medicine Group LLC; 2019. p. 1-8
[cited 2020 Oct 24]. Available from: https://link.springer.
com/article/10.1007/s11892-019-1186-6.

Khan SZ, Ajmal N, Shaikh R. Diabetic Retinopathy and
Vascular Endothelial Growth Factor Gene Insertion/Deletion
Polymorphism [Internet] Canadian Journal of Diabetes 2020;
44:287-91. Elsevier B.V.. [cited 2020 Sep 21]. Available from:
https://pubmed.ncbi.nlm.nih.gov/31859041/.

Holmes DIR, Zachary I. The vascular endothelial growth
factor (VEGF) family: Angiogenic factors in health and dis-
ease [Internet] Genome Biology. BioMed Central 2005;6:209
[cited 2020 Nov 11]. Available from: pmc/articles/
PMC551528/?report=abstract.

Simo6-Servat O, Herndndez C, Simé R. Genetics in Diabetic
Retinopathy: Current Concepts and New Insights [Internet]
Curr Genomics 2013 Aug 1;14(5):289—99 [cited 2020 Sep 21].
Available from: pmc/articles/PMC3763680/?report=abstract.
Benjamin LE. Glucose, VEGF-A, and diabetic complications
[Internet]. American Journal of Pathology, vol. 158. American
Society for Investigative Pathology Inc.; 2001. p. 1181—4 [cited
2020 Nov 11]. Available from: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC1891912/.

Sydorova M, Lee MS. Vascular endothelial growth factor
levels in vitreous and serum of patients with either prolif-
erative diabetic retinopathy or proliferative vitreoretinop-
athy [Internet] Ophthalmic Res 2005 Jul;37(4):188—90 [cited
2020 Sep 21]. Available from: https://pubmed.ncbi.nlm.nih.
gov/15990461/.

Penn JS, Madan A, Caldwell RB, Bartoli M, Caldwell RW,
Hartnett ME. Vascular endothelial growth factor in eye dis-
ease [Internet]. Progress in Retinal and Eye Research, vol. 27.
NIH Public Access; 2008. p. 331—71 [cited 2020 Nov 11].
Available from: pmc/articles/PMC3682685/?report=abstract.
Han L, Zhang L, Xing W, Zhuo R, Lin X, Hao Y, et al. The
associations between VEGF gene polymorphisms and dia-
betic retinopathy susceptibility: A meta-analysis of 11 case-
control studies. Hindawi Publishing Corporation Journal of
Diabetes Research 2014;2014.

Gong J-Y, Sun Y-H. Association of VEGF Gene Poly-
morphisms with Diabetic Retinopathy: A Meta-Analysis
[InternetlHuang Q, editor. PLoS One 2013 Dec 20;8(12):
e84069 [cited 2020 Oct 24]. Available from: https://dx.plos.
org/10.1371/journal.pone.0084069.

Yang XF, Deng Y, Gu H, Ren XT, Li N, Lim A, et al
Candidate gene association study for diabetic retinopathy in
Chinese patients with type 2 diabetes [Internet] Mol Vis 2014
Mar 3;20:200—14 [cited 2020 Oct 24]. Available from: http://
www.molvis.org/molvis/v20/200.

Lu Y, Ge Y, Shi Y, Yin J, Huang Z. Two polymorphisms
(rs699947, rs2010963) in the VEGFA gene and diabetic reti-
nopathy: An updated meta-analysis [Internetf BMC Oph-
thalmol 2013 Oct 16;13(1):1—9 [cited 2020 Oct 24]. Available
from: https://link.springer.com/articles/10.1186/1471-2415-
13-56.

Wang H, Cheng J-W, Zhu L-S, Wei R-L, Cai J-P, Li Y, et al.
Meta-Analysis of Association between the -2578C/A Poly-
morphism of the Vascular Endothelial Growth Factor and
Retinopathy in Type 2 Diabetes in Asians and Caucasians
[Internet] Ophthalmic Res 2014;52(1):1—8 [cited 2020 Oct 24].
Available from: https://www.karger.com/Article/FullText/
357110.

Nakamura S, Iwasaki N, Funatsu H, Kitano S, Iwamoto Y.
Impact of variants in the VEGF gene on progression of
proliferative diabetic retinopathy [Internet] Graefe’s Arch
Clin Exp Ophthalmol 2009 Jan 16;247(1):21—6 [cited 2020 Sep


https://doi.org/10.1016/j.diabres.2019.107843
https://www.who.int/nmh/publications/fact_sheet_diabetes_en.pdf
https://www.who.int/nmh/publications/fact_sheet_diabetes_en.pdf
https://www.google.com/url?sa=t&amp;source=web&amp;rct=j&amp;url=https://pbperkeni.or.id/wp-content/uploads/2019/01/4.-Konsensus-Pengelolaan-dan-Pencegahan-Diabetes-melitus-tipe-2-di-Indonesia-PERKENI-2015.pdf&amp;ved=2ahUKEwjy8KOs8cfoAhXCb30KHQb1Ck0QFjADegQIBhAB&amp;usg=AOv
https://www.google.com/url?sa=t&amp;source=web&amp;rct=j&amp;url=https://pbperkeni.or.id/wp-content/uploads/2019/01/4.-Konsensus-Pengelolaan-dan-Pencegahan-Diabetes-melitus-tipe-2-di-Indonesia-PERKENI-2015.pdf&amp;ved=2ahUKEwjy8KOs8cfoAhXCb30KHQb1Ck0QFjADegQIBhAB&amp;usg=AOv
https://www.google.com/url?sa=t&amp;source=web&amp;rct=j&amp;url=https://pbperkeni.or.id/wp-content/uploads/2019/01/4.-Konsensus-Pengelolaan-dan-Pencegahan-Diabetes-melitus-tipe-2-di-Indonesia-PERKENI-2015.pdf&amp;ved=2ahUKEwjy8KOs8cfoAhXCb30KHQb1Ck0QFjADegQIBhAB&amp;usg=AOv
https://www.google.com/url?sa=t&amp;source=web&amp;rct=j&amp;url=https://pbperkeni.or.id/wp-content/uploads/2019/01/4.-Konsensus-Pengelolaan-dan-Pencegahan-Diabetes-melitus-tipe-2-di-Indonesia-PERKENI-2015.pdf&amp;ved=2ahUKEwjy8KOs8cfoAhXCb30KHQb1Ck0QFjADegQIBhAB&amp;usg=AOv
https://www.google.com/url?sa=t&amp;source=web&amp;rct=j&amp;url=https://pbperkeni.or.id/wp-content/uploads/2019/01/4.-Konsensus-Pengelolaan-dan-Pencegahan-Diabetes-melitus-tipe-2-di-Indonesia-PERKENI-2015.pdf&amp;ved=2ahUKEwjy8KOs8cfoAhXCb30KHQb1Ck0QFjADegQIBhAB&amp;usg=AOv
https://www.google.com/url?sa=t&amp;source=web&amp;rct=j&amp;url=https://pbperkeni.or.id/wp-content/uploads/2019/01/4.-Konsensus-Pengelolaan-dan-Pencegahan-Diabetes-melitus-tipe-2-di-Indonesia-PERKENI-2015.pdf&amp;ved=2ahUKEwjy8KOs8cfoAhXCb30KHQb1Ck0QFjADegQIBhAB&amp;usg=AOv
https://www.google.com/url?sa=t&amp;source=web&amp;rct=j&amp;url=https://pbperkeni.or.id/wp-content/uploads/2019/01/4.-Konsensus-Pengelolaan-dan-Pencegahan-Diabetes-melitus-tipe-2-di-Indonesia-PERKENI-2015.pdf&amp;ved=2ahUKEwjy8KOs8cfoAhXCb30KHQb1Ck0QFjADegQIBhAB&amp;usg=AOv
https://www.google.com/url?sa=t&amp;source=web&amp;rct=j&amp;url=https://pbperkeni.or.id/wp-content/uploads/2019/01/4.-Konsensus-Pengelolaan-dan-Pencegahan-Diabetes-melitus-tipe-2-di-Indonesia-PERKENI-2015.pdf&amp;ved=2ahUKEwjy8KOs8cfoAhXCb30KHQb1Ck0QFjADegQIBhAB&amp;usg=AOv
https://www.google.com/url?sa=t&amp;source=web&amp;rct=j&amp;url=https://pbperkeni.or.id/wp-content/uploads/2019/01/4.-Konsensus-Pengelolaan-dan-Pencegahan-Diabetes-melitus-tipe-2-di-Indonesia-PERKENI-2015.pdf&amp;ved=2ahUKEwjy8KOs8cfoAhXCb30KHQb1Ck0QFjADegQIBhAB&amp;usg=AOv
https://www.google.com/url?sa=t&amp;source=web&amp;rct=j&amp;url=https://pbperkeni.or.id/wp-content/uploads/2019/01/4.-Konsensus-Pengelolaan-dan-Pencegahan-Diabetes-melitus-tipe-2-di-Indonesia-PERKENI-2015.pdf&amp;ved=2ahUKEwjy8KOs8cfoAhXCb30KHQb1Ck0QFjADegQIBhAB&amp;usg=AOv
https://www.google.com/url?sa=t&amp;source=web&amp;rct=j&amp;url=https://pbperkeni.or.id/wp-content/uploads/2019/01/4.-Konsensus-Pengelolaan-dan-Pencegahan-Diabetes-melitus-tipe-2-di-Indonesia-PERKENI-2015.pdf&amp;ved=2ahUKEwjy8KOs8cfoAhXCb30KHQb1Ck0QFjADegQIBhAB&amp;usg=AOv
https://www.google.com/url?sa=t&amp;source=web&amp;rct=j&amp;url=https://pbperkeni.or.id/wp-content/uploads/2019/01/4.-Konsensus-Pengelolaan-dan-Pencegahan-Diabetes-melitus-tipe-2-di-Indonesia-PERKENI-2015.pdf&amp;ved=2ahUKEwjy8KOs8cfoAhXCb30KHQb1Ck0QFjADegQIBhAB&amp;usg=AOv
https://www.google.com/url?sa=t&amp;source=web&amp;rct=j&amp;url=https://pbperkeni.or.id/wp-content/uploads/2019/01/4.-Konsensus-Pengelolaan-dan-Pencegahan-Diabetes-melitus-tipe-2-di-Indonesia-PERKENI-2015.pdf&amp;ved=2ahUKEwjy8KOs8cfoAhXCb30KHQb1Ck0QFjADegQIBhAB&amp;usg=AOv
https://www.google.com/url?sa=t&amp;source=web&amp;rct=j&amp;url=https://pbperkeni.or.id/wp-content/uploads/2019/01/4.-Konsensus-Pengelolaan-dan-Pencegahan-Diabetes-melitus-tipe-2-di-Indonesia-PERKENI-2015.pdf&amp;ved=2ahUKEwjy8KOs8cfoAhXCb30KHQb1Ck0QFjADegQIBhAB&amp;usg=AOv
https://www.google.com/url?sa=t&amp;source=web&amp;rct=j&amp;url=https://pbperkeni.or.id/wp-content/uploads/2019/01/4.-Konsensus-Pengelolaan-dan-Pencegahan-Diabetes-melitus-tipe-2-di-Indonesia-PERKENI-2015.pdf&amp;ved=2ahUKEwjy8KOs8cfoAhXCb30KHQb1Ck0QFjADegQIBhAB&amp;usg=AOv
https://www.google.com/url?sa=t&amp;source=web&amp;rct=j&amp;url=https://pbperkeni.or.id/wp-content/uploads/2019/01/4.-Konsensus-Pengelolaan-dan-Pencegahan-Diabetes-melitus-tipe-2-di-Indonesia-PERKENI-2015.pdf&amp;ved=2ahUKEwjy8KOs8cfoAhXCb30KHQb1Ck0QFjADegQIBhAB&amp;usg=AOv
https://www.google.com/url?sa=t&amp;source=web&amp;rct=j&amp;url=https://pbperkeni.or.id/wp-content/uploads/2019/01/4.-Konsensus-Pengelolaan-dan-Pencegahan-Diabetes-melitus-tipe-2-di-Indonesia-PERKENI-2015.pdf&amp;ved=2ahUKEwjy8KOs8cfoAhXCb30KHQb1Ck0QFjADegQIBhAB&amp;usg=AOv
https://www.google.com/url?sa=t&amp;source=web&amp;rct=j&amp;url=https://pbperkeni.or.id/wp-content/uploads/2019/01/4.-Konsensus-Pengelolaan-dan-Pencegahan-Diabetes-melitus-tipe-2-di-Indonesia-PERKENI-2015.pdf&amp;ved=2ahUKEwjy8KOs8cfoAhXCb30KHQb1Ck0QFjADegQIBhAB&amp;usg=AOv
http://pmc/articles/PMC4911847/?report=abstract
http://pmc/articles/PMC4911847/?report=abstract
http://pmc/articles/PMC4911847/?report=abstract
https://pubmed.ncbi.nlm.nih.gov/26605370/
https://pubmed.ncbi.nlm.nih.gov/27730450/
https://pubmed.ncbi.nlm.nih.gov/27730450/
http://pmc/articles/PMC6198411/?report=abstract
http://pmc/articles/PMC6198411/?report=abstract
https://pubmed.ncbi.nlm.nih.gov/29032195/
https://pubmed.ncbi.nlm.nih.gov/29032195/
https://link.springer.com/article/10.1007/s11892-019-1186-6
https://link.springer.com/article/10.1007/s11892-019-1186-6
https://pubmed.ncbi.nlm.nih.gov/31859041/
http://pmc/articles/PMC551528/?report=abstract
http://pmc/articles/PMC551528/?report=abstract
http://pmc/articles/PMC551528/?report=abstract
http://pmc/articles/PMC3763680/?report=abstract
http://pmc/articles/PMC3763680/?report=abstract
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1891912/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1891912/
https://pubmed.ncbi.nlm.nih.gov/15990461/
https://pubmed.ncbi.nlm.nih.gov/15990461/
http://pmc/articles/PMC3682685/?report=abstract
http://pmc/articles/PMC3682685/?report=abstract
https://dx.plos.org/10.1371/journal.pone.0084069
https://dx.plos.org/10.1371/journal.pone.0084069
http://www.molvis.org/molvis/v20/200
http://www.molvis.org/molvis/v20/200
https://link.springer.com/articles/10.1186/1471-2415-13-56
https://link.springer.com/articles/10.1186/1471-2415-13-56
https://www.karger.com/Article/FullText/357110
https://www.karger.com/Article/FullText/357110

BioMedicine

2021;11(2):11—17

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

21]. Available from: http://link.springer.com/10.1007/s00417-
008-0915-3.

Churchill AJ, Carter JG, Ramsden C, Turner SJ, Yeung A,
Brenchley PEC, et al. VEGF polymorphisms are associated
with severity of diabetic retinopathy [Internet] Investig
Ophthalmol Vis Sci 2008 Aug 1;49(8):3611—6 [cited 2020 Nov
11]. Available from: http://pga.gs.washington.edu/.

Brogan IJ, Khan N, Isaac K, Hutchinson JA, Pravica V,
Hutchinson IV. Novel polymorphisms in the promoter and
5 UTR regions of the human vascular endothelial growth
factor gene [Internet] Hum Immunol 1999 Dec;60(12):1245—9
[cited 2020 Sep 21]. Available from: https://www.research.
manchester.ac.uk/portal/en/publications/novel-
polymorphisms-in-the-promoter-and-5-utr-regions-of-the-
human-vascular-endothelial-growth-factor-gene(2203ee5{-
7729-4517-9158-972¢282156b)/export.html.

Database of Single Nucleotide Polymorphisms (dbSNP). In-
formation NL of M. Reference SNP (refSNP) Cluster Report:
15699947 ** With Benign allele **. Bethesda (MD): National
Center for Biotechnology; 2020 [Internet]. [cited 2020 Oct 24].
Available from: https://www.ncbinlm.nih.gov/projects/
SNP/snp_ref.cgi?do_not_redirect&rs=rs699947.

Shahin RMH, Abdelhakim MASE, Owid MESM, El-Nady M.
A Study of VEGF Gene Polymorphism in Egyptian Patients
with Diabetic Retinopathy [Internet] Ophthalmic Genet 2015
Dec 9;36(4):315—20 [cited 2020 Sep 21]. Available from: http://
www.tandfonline.com/doi/full/10.3109/13816810.2014.
881508.

Abhary S, Hewitt AW, Burdon KP, Craig JE. A systematic
meta-analysis of genetic association studies for diabetic
retinopathy [Internet] Diabetes 2009 Sep;58(9):2137—47 [cited
2020 Sep 21]. Available from: https://pubmed.ncbi.nlm.nih.
gov/19587357/.

Fattah RAA, Eltanamly RM, Nabih MH, Kamal MM.
Vascular endothelial growth factor gene polymorphism is
not associated with diabetic retinopathy in Egyptian Patients
[Internet] Middle East Afr ] Ophthalmol 2016 Jan 1;23(1):
75—8 [cited 2020 Oct 24]. Available from: pmc/articles/
PMC4759908/?report=abstract.

Fan XH, Wu QH, Li Y, Hao Y, Ning N, Kang Z, et al. Asso-
ciation of polymorphisms in the vascular endothelial growth
factor gene and its serum levels with diabetic retinopathy in
Chinese patients with type 2 diabetes: A cross-sectional
study [Internet] Chin Med ] (Engl) 2014;127(4):651—7 [cited
2020 Oct 24]. Available from: https://journals.lww.com/cmj/
Fulltext/2014/02200/Association_of_polymorphisms_in_the_
vascular.11.aspx.

Qayyum S, Afzal M, Naveed AK. Association of vascular
endothelial growth factor A gene (VEGFA) polymorphisms,
rs699947 and rs1570360, with diabetic retinopathy and
altered VEGF secretion in Pakistani patients with Type 2
diabetes mellitus: A case-control study [cited 2020 Oct 10];

Available from: https://doi.org/10.21203/rs.3.rs-18816/v1;
2020.
Chun MY, Hwang HS, Cho HY, Chun HJ, Woo JT, Lee KW,

et al. Association of vascular endothelial growth factor
polymorphisms with nonproliferative and proliferative dia-
betic retinopathy [Internet] J Clin Endocrinol Metab 2010;

AR. WIJAYA ET AL 17

POLYMORPHISMS OF VEGF -2578C/A RS699947 ARE RISK FACTORS FOR DIABETIC RETINOPATHY IN

TYPE-2 DIABETES MELLITUS PATIENTS IN BALI, INDONESIA

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

95(7):3547—51 [cited 2020 Oct 24]. Available from: https://
pubmed.ncbi.nlm.nih.gov/20444917/.

Buroker NE, Ning XH, Zhou ZN, Li K, Cen W], Wu XF, et al.
VEGFA SNPs and transcriptional factor binding sites asso-
ciated with high altitude sickness in Han and Tibetan Chi-
nese at the Qinghai-Tibetan Plateau [Internet] J Physiol Sci
2013 May 4;63(3):183—93 [cited 2020 Sep 21]. Available from:
https://link.springer.com/articles/10.1007/s12576-013-0257-8.
Ziello JE, Jovin IS, Huang Y. Hypoxia-Inducible Factor (HIF)-
1 regulatory pathway and its potential for therapeutic
intervention in malignancy and ischemia [Internet]. Yale
Journal of Biology and Medicine 2007;80:51—60 [cited 2020
Nov 11]. Available from: pmc/articles/PMC2140184/?
report=abstract.

Levy AP, Levy NS, Wegner S, Goldberg MA. Transcriptional
regulation of the rat vascular endothelial growth factor gene
by hypoxia [Internet] ] Biol Chem 1995;270(22):13333—40
[cited 2020 Sep 21]. Available from: https://pubmed.ncbi.
nlm.nih.gov/7768934/.

Forsythe JA, Jiang BH, Iyer NV, Agani F, Leung SW, Koos
RD, et al. Activation of vascular endothelial growth factor
gene transcription by hypoxia-inducible factor 1 [Internet]
Mol Cell Biol 1996 Sep;16(9):4604—13 [cited 2020 Sep 21].
Available from: https://pubmed.ncbi.nlm.nih.gov/8756616/.
Hashimoto T, Shibasaki F. Hypoxia-Inducible Factor as an
Angiogenic Master Switch [Internet]. Frontiers in Pediatrics,
vol. 3. Frontiers Media S.A.; 2015. p. 33 [cited 2020 Nov 11].
Available from: www.frontiersin.org.

Cheng L, Yu H, Yan N, Lai K, Xiang M. Hypoxia-inducible
factor-1a target genes contribute to retinal neuroprotection
[Internet]. Frontiers in Cellular Neuroscience, vol. 11. Fron-
tiers Research Foundation; 2017. p. 20 [cited 2020 Oct 24].
Available from: www.frontiersin.org.

Aiello LP, Wong JS. Role of vascular endothelial growth factor
in diabetic vascular complications. Kidney International, Sup-
plement, vol. 58. Blackwell Publishing Inc.; 2000. p. 5113—9.
Emanuele N, Sacks J, Klein R, Reda D, Anderson R, Duck-
worth W, et al. Ethnicity, race, and baseline retinopathy
correlates in the Veterans Affairs Diabetes Trial [Internet]
Diabetes Care 2005 Aug 1;28(8):1954—8 [cited 2020 Nov 11].
Available from: https://care.diabetesjournals.org/content/28/
8/1954.

Sivaprasad S, Gupta B, Gulliford MC, Dodhia H, Mohamed
M, Nagi D, et al. Ethnic variations in the prevalence of dia-
betic retinopathy in people with diabetes attending
screening in the United Kingdom (DRIVE UK) [Internet]
PLoS One 2012 Mar 8;7(3):32182 [cited 2020 Nov 11]. Avail-
able from: pmc/articles/PMC3297598/?report=abstract.
Ohashi ], Yamamoto S, Tsuchiya N, Hatta Y, Komata T,
Matsushita M, et al. Comparison of statistical power between
2 x 2 allele frequency and allele positivity tables in case-
control studies of complex disease genes [Internet] Ann Hum
Genet 2001 Mar;65(2):197—206 [cited 2020 Oct 24]. Available
from: https://pubmed.ncbi.nlm.nih.gov/11434330/.
Adeyemo A, Rotimi C. Genetic variants associated with
complex human diseases show wide variation across multi-
ple populations [Internet] Public Health Genomics 2009 Dec;
13(2):72—9 [cited 2020 Nov 11]. Available from: pmc/articles/
PM(C2835382/?report=abstract.

=
—
o
H
~
<
-
<
Z
2
=4
o



http://link.springer.com/10.1007/s00417-008-0915-3
http://link.springer.com/10.1007/s00417-008-0915-3
http://pga.gs.washington.edu/
https://www.research.manchester.ac.uk/portal/en/publications/novel-polymorphisms-in-the-promoter-and-5-utr-regions-of-the-human-vascular-endothelial-growth-factor-gene(2203ee5f-7729-4517-9158-9f72c282156b)/export.html
https://www.research.manchester.ac.uk/portal/en/publications/novel-polymorphisms-in-the-promoter-and-5-utr-regions-of-the-human-vascular-endothelial-growth-factor-gene(2203ee5f-7729-4517-9158-9f72c282156b)/export.html
https://www.research.manchester.ac.uk/portal/en/publications/novel-polymorphisms-in-the-promoter-and-5-utr-regions-of-the-human-vascular-endothelial-growth-factor-gene(2203ee5f-7729-4517-9158-9f72c282156b)/export.html
https://www.research.manchester.ac.uk/portal/en/publications/novel-polymorphisms-in-the-promoter-and-5-utr-regions-of-the-human-vascular-endothelial-growth-factor-gene(2203ee5f-7729-4517-9158-9f72c282156b)/export.html
https://www.research.manchester.ac.uk/portal/en/publications/novel-polymorphisms-in-the-promoter-and-5-utr-regions-of-the-human-vascular-endothelial-growth-factor-gene(2203ee5f-7729-4517-9158-9f72c282156b)/export.html
https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?do_not_redirect&amp;rs=rs699947
https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?do_not_redirect&amp;rs=rs699947
https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?do_not_redirect&amp;rs=rs699947
https://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?do_not_redirect&amp;rs=rs699947
http://www.tandfonline.com/doi/full/10.3109/13816810.2014.881508
http://www.tandfonline.com/doi/full/10.3109/13816810.2014.881508
http://www.tandfonline.com/doi/full/10.3109/13816810.2014.881508
https://pubmed.ncbi.nlm.nih.gov/19587357/
https://pubmed.ncbi.nlm.nih.gov/19587357/
http://pmc/articles/PMC4759908/?report=abstract
http://pmc/articles/PMC4759908/?report=abstract
http://pmc/articles/PMC4759908/?report=abstract
https://journals.lww.com/cmj/Fulltext/2014/02200/Association_of_polymorphisms_in_the_vascular.11.aspx
https://journals.lww.com/cmj/Fulltext/2014/02200/Association_of_polymorphisms_in_the_vascular.11.aspx
https://journals.lww.com/cmj/Fulltext/2014/02200/Association_of_polymorphisms_in_the_vascular.11.aspx
https://doi.org/10.21203/rs.3.rs-18816/v1
https://pubmed.ncbi.nlm.nih.gov/20444917/
https://pubmed.ncbi.nlm.nih.gov/20444917/
https://link.springer.com/articles/10.1007/s12576-013-0257-8
http://pmc/articles/PMC2140184/?report=abstract
http://pmc/articles/PMC2140184/?report=abstract
http://pmc/articles/PMC2140184/?report=abstract
https://pubmed.ncbi.nlm.nih.gov/7768934/
https://pubmed.ncbi.nlm.nih.gov/7768934/
https://pubmed.ncbi.nlm.nih.gov/8756616/
http://www.frontiersin.org
http://www.frontiersin.org
https://care.diabetesjournals.org/content/28/8/1954
https://care.diabetesjournals.org/content/28/8/1954
http://pmc/articles/PMC3297598/?report=abstract
http://pmc/articles/PMC3297598/?report=abstract
https://pubmed.ncbi.nlm.nih.gov/11434330/
http://pmc/articles/PMC2835382/?report=abstract
http://pmc/articles/PMC2835382/?report=abstract
http://pmc/articles/PMC2835382/?report=abstract

	Polymorphisms of Vascular Endothelial Growth Factor -2578C/A rs699947 are Risk Factors for Diabetic Retinopathy in Type-2 Diabetes Mellitus Patients in Bali, Indonesia
	Recommended Citation

	Polymorphisms of Vascular Endothelial Growth Factor -2578C/A rs699947 are Risk Factors for Diabetic Retinopathy in Type-2 Diabetes Mellitus Patients in Bali, Indonesia
	Cover Page Footnote

	Polymorphisms of vascular endothelial growth factor −2578C/A rs699947 are risk factors for diabetic retinopathy in type-2 d ...
	1 Introduction
	2 Methods
	2.1 Study subject
	2.2 Polymorphism detection
	2.3 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	6 Authorship contributions
	Conflict of interest
	Conflict of interest
	Acknowledgments
	References


