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Background:Age-relatedmacular degeneration (AMD) is an important cause of visual impairment in elderly peo-
ple. AMD is a multifactorial disease in which both environmental and genetic factors have been implicated. Var-
ious single nucleotide polymorphisms (SNPs) have been found to be associated with AMD.
Aim: This study was aimed to investigate the association of polymorphisms in VEGF genes with age related mac-
ular degeneration (AMD) in Indian patients.
Method:Genotyping for the VEGF−1154 (G N A),−2578 (C N A),+405 (G N C) and−460 (C N T) SNPswas per-
formed in 100 AMD patients and 100 controls by polymerase chain reaction (PCR), restriction fragment length
polymorphism (PCR-RFLP) and sequencing method.
Results:Out of the four SNPs, heterozygous genotypes of VEGF−1154G NA (OR=2.58, p=0.0035),+460 C N T
(OR= 2.90, p=0.0046), and+405 G N C (OR= 2.02, p=0.02) have shown susceptible association with AMD.
However, VEGF−2578 C N A did not show any statistical significance. Further A-A-G-T haplotype comprising of
three mutant alleles revealed risk association (OR = 12.7, p = 0.0030) with AMD.
Conclusion: The present study suggests significant genetic associations for VEGF −1154 G N A, +460 C N T, and
+405 G N C polymorphisms with AMD. Early detection of individuals with risk to these SNPs could lead to strat-
egies for prevention, early diagnosis, and management of AMD.

© 2016 Published by Elsevier B.V.
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1. Introduction

Age-related macular degeneration (AMD; MIM, 603075) is a multi-
factorial neurodegenerative disease of retina that causes progressive
impairment of central vision and is a leading cause of irreversible vision
loss in elderly people. Though both environment and genetic factors are
implicated; its actual etiology is largely unknown. Polymorphisms in
CFH, ARMS2 and HTRA1 have been consistently shown to be associated
with AMD across different populations. In addition, other genes like
ApoE, CX3CR1, PLEKHA1 and VEGF were studied for their association
with AMD. Neovascularization is an important component of pathology
of AMD. Vascular endothelial growth factor (VEGF-A), is a major player
in the control of angiogenesis.VEGF is a secreted endothelial specificmi-
togen, which acts as a key regulator of vascular permeability. VEGF 165
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is the most predominant isoform reported in eye (Perrin et al., 2005).
VEGF 165a has potent angiogenic properties. It has also been found to
play a key role in choroidal neovascularization (Witmer et al., 2003).
Current treatments that inhibit VEGF activity are effective in improving
vision in ~40% of affected neovascular AMD cases (Oishi et al., 2011).
High expression of VEGF has also been recognized as an important factor
promoting neovascularization in wet AMD (Frank et al., 1996). Several
single nucleotide polymorphisms (SNPs) in the VEGF gene affect its ex-
pression. Association of VEGF with AMD has been looked for in some
populations. Common VEGF polymorphisms like g.43737830 A N G
(VEGF −1154G N A), g.3437 A N C (VEGF −2578C N A), and
g.43737486C N T (VEGF −460C N T) are found in the promotor region
and g.43710613 (VEGF −634G N C or VEGF +405G N C) is found in
the 5’UTR region, of the VEGF gene (Awata et al., 2002). The frequency
of these polymorphisms varies across different populations and associ-
ations with AMD have been reported in some studies (Lin et al., 2008;
Haines et al., 2006; Churchill et al., 2006). Keeping these associations
in mind, the current study was designed to investigate the association

http://crossmark.crossref.org/dialog/?doi=10.1016/j.mgene.2016.07.011&domain=pdf
http://dx.doi.org/10.1016/j.mgene.2016.07.011
mailto:shubharaophadke@gmail.com
http://dx.doi.org/10.1016/j.mgene.2016.07.011
http://www.sciencedirect.com/science/journal/22145400
www.elsevier.com/locate/mgene


250 D. Gupta et al. / Meta Gene 9 (2016) 249–253
of these single nucleotide polymorphisms (SNPs) and their haplotypes
with AMD patients from India.

2. Materials and methods

2.1. Patients and clinical examination

The study protocol was approved by the Ethics Committee of Sanjay
Gandhi Post Graduate Institute ofMedical Sciences, Raibareli road, Luck-
now, Uttar Pradesh India. All participants received a standard ophthal-
mological examination, including visual acuity measurement, slit-
lamp biomicroscopy and dilated fundus examination performed by a
retinal specialist. The diagnosis was confirmed in fluorescein angiogra-
phy and cases with both; dry and wet AMD were included. Controls
were N70 years of age andwere confirmed not to have clinical evidence
of AMD in any of the eyes by opthalmological examination. Sample size
was calculated before the studywith the use of Quanto software version
1.2 by institutional statistician for the 80% power of the study; the sam-
ple size was calculated to be 92. Samples were collected after obtaining
informed consent from 100 clinically diagnosed AMD cases and 100
controls. There remained no conflict of interest pertaining to this study.

2.2. DNA extraction and genotyping

Five milliliter peripheral venous EDTA blood was collected from all
participants and stored at −80 °C. Genomic DNA was extracted from
the peripheral blood of each individual using a DNA extraction and pu-
rification kit (Qiagen Blood DNA Mini Kit, Hilden, Germany), according
to the manufacturer's instructions. Genotyping was performed by
polymerase chain reaction, restriction fragment length polymorphism
(PCR-RFLP) and sequence based typing (SBT) methods. The reaction
mixture common for all four genotypes consisted of: 10× buffer with
MgCl2 2.5 μl, Taq 1 U/μl - 1.5 μl, dNTP 10milimoles - 1 μl, forward primer
10 picomoles (pmol) - 1 μl, reverse primer 10 pmol - 1 μl, DNA – 1.5 μl
(50 ng/μl) and HPLC water 16.5 μl per 25 μl of the reaction mixture. De-
tails of the primers and enzymes used in the study for each VEGF SNPs
are given in Table 1. PCR conditions were as follows: hot lid 105 °C for
5min, denaturation 95 °C for 5min, 35 cycles consisting of denaturation
at 94 °C for 45 s, annealing for 45 s (65.5 °C for−2578CNA, at 62.0 °C for
−1154G NA, at 50.7 °C for+405GN C and at 63.0 °C for−460C N T) and
extension at 72 °C for 1.5 min, followed by final extension at 72 °C for
5 min and final hold at 15 °C. The amplified products were tested on
2% agarose gel pre-stainedwith ethidiumbromide (EtBr)with amigrat-
ing distance of approximately 3 cm. Samples were then used for RFLP
and SBT.

Three polymorphisms namely, −1154G N A, −2578C N A, and
+405G N C VEGF SNPs were studied by PCR-RFLPmethod using restric-
tion enzymes MnlI, BglII and BsmFI (10 U) (New England Biolabs) re-
spectively. PCR products were incubated with the respective enzymes
at 37 °C overnight. The digested products were run on 15% polyacryl-
amide gel electrophoresis (PAGE), stained with EtBr. Gel images were
taken using themolecular imager gel doc XR System (Bio-Rad, Hercules,
CA). Genotypes were determined based on their restriction patterns. In
case of −1154G N A, three fragments (150 bp, 34 bp, 22 bp) were
Table 1
Primer sequences and restriction enzymes used in the study.

S.no Polymorphism Primer sequence (5′ → 3′)

1. VEGF-1154G N A
(rs1570360)

5ꞌ-TCCTGCTCCCTCCTCGCCAATG-3ꞌ
5ꞌ-GGCGGGGACAGGCGAGCATC-3ꞌ

2. VEGF −2578C N A
(rs699947)

5ꞌ-GGATGGGGCTGACTAGGTAAGC-3ꞌ
5ꞌ-AGCCCCCTTTTCCTCCAAC-3ꞌ

3. VEGF + 405G N C
(rs2010963)

5′- GATTGCTCTACTTCCCCAAATC −3′
5′- CTCCTCCGAAGCGAGAACAG −3′

4. VEGF −460C N T
(rs833061)

5′- GCCCATTCCCTCTTTAGCCA-3′
5′- GGGAGCAGGAAAGTGAGGTT-3′
observed for wild G allele and two fragments (184 bp, 22 bp) for the
variant A allele (Fig. 1(A)). The mutant allele A of VEGF −2578C N A
SNP was digested into 202 bp and 122 bp fragments while the wild al-
lele C remained uncut with a length of 324 bp (Fig. 1(B)). The wild
type G allele of VEGF +405G N C remained uncut, with a length of
431 bp, whereas its mutant allele C was fragmented into 153 bp and
278 bp (Fig. 1(C)). VEGF −460C N T (336 bp) genotyping was done by
SBT (Supplementary Fig. 1) using ABI 310 sequence analyzer (Applied
Biosystems Corporation, CA, USA). 10% of the studied samples were
re-validated by genotyping using double blindmethod (Supplementary
Figs. 2, 3, & 4).

2.3. Statistical analysis

The differences in the frequency of VEGF genotypes, alleles and hap-
lotypes between the study and control groups were calculated using
Fisher exact test. P values ≤ 0.05were considered statistically significant.
Statistical analysis was done using commercial statistical analysis soft-
ware (GraphPad Software ver. 3.05; GraphPad, San Diego, USA) to cal-
culate the odds ratio (OR) in order to measure the strength of
associations between genotypes, allele frequencies and haplotypes.
Haplotypes and pair-wise linkage disequilibrium were generated
using Arlequin software (v 3.5) (University of Dusseldorf, Germany)
(Excoffier and Lischer, 2010). A negative Tajima's D signifies an excess
of low frequency polymorphisms relative to expectation, indicating
population size expansion or purifying selection. A positive Tajima's D
signifies low levels of low and high frequency polymorphisms, indicat-
ing a decrease in population size or balancing selection (Tajima,
1989). Allele frequencies were calculated as the number of occurrences
of the test allele in the population divided by the total number of alleles.
F-SNP approach was utilized to evaluate the functional relevance of the
studied VEGF SNPs in-silico (Imai et al., 2010).

3. Results

3.1. Genotype and allele frequency

The genotype and allele frequencies were found to be in Hardy
Weinberg equilibrium in normal healthy controls. Functional evaluation
of SNPs studied from F-SNP showed that all the four SNPs are having ef-
fect on the regulation of transcription. Genotype frequencies were com-
pared by applying the additive, dominant and recessive models
(Table 2). The occurrence of heterozygous genotype (GA) of the
−1154G N Apolymorphismwas significantly higher in AMD cases com-
pared to that of controls (OR = 2.58, 95% CI = 1.39–4.78, P = 0.0035).
The dominant model of inheritance showed risk association for AMD
cases (OR = 2.26, 95% CI = 1.24–4.13, P = 0.0112) compared to that
of the controls. The frequency of variant (AA) genotype of −2578C/A
polymorphism was higher in the AMD cases as compared to controls.
However, no statistical significance was observed for the AA genotype.
None of the models of inheritance showed statistical significance for
−2578C N A. For the+405G N C the heterozygous genotype GC showed
susceptible association (OR = 2.02, 95% CI = 1.13–3.61, P = 0.0200).
But the difference between allele frequencies was not statistically
PCR product size Enzyme After digestion

206 bp Mnl I Wild (G)- 150 + 34 + 22 bp
Mutant (A)- 184 + 22 bp

324 bp Bgl II Wild (C)- 324 bp
Mutant (A)- 202 + 122 bp

431 bp BsmF I Wild (G)- 431 bp
Mutant (C)- 153 + 278 bp

336 bp Sequencing –



Fig. 1. Representing gel image for VEGF − 1154 G N A, −2578C N A and +405 G N C
polymorphisms. (A) VEGF −1154 G N A polymorphism GA: Heterozygous
(184 + 150 + 34 + 22 bp), AA: Mutant homozygous (184 + 22 bp), GG: Wild
homozygous (150 + 34 + 22 bp) (B) VEGF −2578C N A polymorphism CC: Wild
homozygous (324 bp), AA: Mutant homozygous (202 + 122 bp), CA: Heterozygous
(324 + 202 + 122 bp) (C) VEGF + 405G N C polymorphism GC: Heterozygous
(431 + 278 + 150 bp), CC: Mutant homozygous (278 + 153 bp), GG: Wild
homozygous (431 bp). 50 bp DNA ladder represented by L.
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significant. Mutant TT genotype and heterozygous CT genotype at
−460C N T showed significant association with odds ratios of 3.26 and
2.9 respectively. Significant risk association was also concurred for
AMD cases under the dominant model of inheritance (OR = 3.00, 95%
CI = 1.46–6.18, P = 0.0034). Further allele frequencies and allele
carriage frequencies were also estimated. At the allelic level,
Table 2
Genotype and allele frequencies for VEGF -1154G N A,−2578C N A, +405G N C and −460C N

AMD patients (N

VEGF: −1154 rs1570360 G N A Genotype
Genotype frequency AA[additive model] 06 (6%)

GA[additive model] 69 (69%)
GG 25 (25%)
AA vs GA + GG[recessive model]
AA + GA vs GG[dominant model]

Allele frequency A 81 (40.5%)
G 119(59.5%)

VEGF: −2578 rs699947 C N A Genotype
Genotype frequency AA[additive model] 21 (21%)

CA[additive model] 57 (57%)
CC 22 (22%)
AA vs CA + CC[recessive model]
AA + CA vs CC[dominant model]

Allele frequency A 99 (49.5%)
C 101(50.5%)

VEGF: +405 rs2010963 G N C Genotype
Genotype frequency CC[additive model] 02 (2%)

GC[additive model] 58 (58%)
GG 40 (40%)
CC vs GC + GG [recessive model]
CC + GC vs GG [dominant model]

Allele frequency C 62 (31%)
G 138(69%)

VEGF: −460 rs833061 C N T Genotype
Genotype frequency TT[additive model] 26 (26%)

CT[additive model] 61 (61%)
CC 13 (13%)
TT vs CT + CC [recessive model]
TT + CT vs CC [dominant model]

Allele frequency T 113(56.5%)
C 87(43.5%)

OR: Odds Ratio; CI: Confidence Interval; *- Statistically significant protective genotype; # - Stat
and heterozygous genotypes individually with wild homozygous genotypes; RecessiveModel:
type taken together; Dominant Model: mutant homozygous and heterozygous genotypes take
significance was concurred only for T allele (OR = 1.65, 95% CI =
1.11–2.45, P = 0.0163) and C allele (OR = 0.60, 95% CI = 0.40–0.89,
P = 0.0163) of −460C N T SNP. None of the alleles at other three SNPs
revealed level of significance for AMD in our study group.

3.2. Haplotype frequency

The haplotype analysis revealed the presence of sixteen and four-
teen haplotypes in the cases and controls respectively. Of these twelve
haplotypes were commonly found among both patient and control
groups. The haplotypes that were dominantly observed and the ones
which had protective or risks predisposing effect have been shown in
Table 3. Intriguingly only one haplotype, A-A-G-T which has mutant al-
leles at 3 of 4 loci and wild allele at +405 showed significant risk asso-
ciation (OR= 12.7, P=0.0030). While, C-G-C-C haplotype (OR= 0.10,
P = 0.0200) which has wild alleles at 3 of 4 loci and mutant allele at
+405 revealed protective association among AMD cases.

3.3. Linkage disequilibrium

Pair wise linkage disequilibrium (LD) analysis was carried out to es-
timate the Tajima's LD measure (D) and correlation coefficient using
Cramer's V statistic (r). The LD analysis revealed Tajima's D values N0
among the studiedmutantVEGF alleles suggesting plausible role ofmul-
tiple alleles in AMD progression and causation (Table 4). The pair wise
analysis revealed VEGF −2578 A−1154 A (D = 0.1852, r = 0.7709),
VEGF −2578 A + 405C (D = 0.1937, r = 0.8036), VEGF
−2578 A−460 T (D = 0.1960, r = 0.8449), VEGF −1154 A + 405C
(D = 0.1991, r = 0.8072), VEGF −1154 A−460 T (D = 0.1824, r =
T polymorphisms among AMD patients vs controls.

= 100) Controls (N = 100) OR 95% CI p-Value

11 (11%) 0.93 0.30–2.84 1.0000
46 (46%) 2.58 1.39–4.78 0.0035#

43 (43%)
0.51 0.18–1.45 0.3105
2.26 1.24–4.13 0.0112#

68 (34%) 1.32 0.87–1.98 0.2145
132 (66%) 0.75 0.50–1.13 0.2145

15 (15%) 2.03 0.86–4.79 0.1326
53 (53%) 1.56 0.80–3.02 0.1890
32 (32%)

1.50 0.72–3.12 0.3576
1.66 0.88–3.14 0.1514

83 (41.5%) 1.38 0.93–2.05 0.1319
117 (58.5%) 0.72 0.48–1.07 0.1319

09 (9%) 0.29 0.06–1.43 0.1925
38 (38%) 2.02 1.13–3.61 0.0200#

53 (53%)
0.20 0.04–0.98 0.0582
1.69 0.96–2.96 0.0886

56(28%) 1.15 0.75–1.77 0.5837
144(72%) 0.86 0.56–1.33 0.5837

19 (19%) 3.26 1.35–7.86 0.0103#

50 (50%) 2.90 1.37–6.14 0.0046#

31 (31%)
1.49 0.76–2.92 0.3096
3.00 1.46–6.18 0.0034#

88 (44%) 1.65 1.11–2.45 0.0163#

112(56%) 0.60 0.40–0.89 0.0163*

istically significant susceptible genotype Additive Model: comparing mutant homozygous
comparingmutant homozygous genotype with wild homozygous and heterozygous geno-
n together and compared with wild homozygous genotype.



Table 3
Haplotype distribution among AMD cases and normal healthy controls.

Haplotype Patient
(n = 100)

Control
(n = 100)

OR 95% CI p-Value

CGCT 52 39 1.45 0.90–2.32 0.1521
AAGC 55 50 1.13 0.72–1.77 0.6496
CAGC 4 6 0.655 0.18–2.37 0.7508
CGGT 32 39 0.7863 0.46–1.31 0.4325
CGCC 1 9 0.10 0.01–0.85 0.0200⁎

AACT 2 2 1.00 0.13–7.17 1.3769
AGGC 17 25 0.65 0.33–1.24 0.2534
CACT 1 1 1.00 0.062–16.11 1.5013
AAGT 12 1 12.70 1.63–98.69 0.0030#

CAGT 6 3 2.031 0.500–8.23 0.5028
AACC 1 2 0.497 0.04–5.53 1.0000
AGGT 7 3 2.38 0.60–9.34 0.3375

OR: Odds Ratio; CI: Confidence Interval; *- Statistically significant protective genotype;
# - Statistically significant susceptible genotype.
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0.7683) and VEGF+405C−460 T (D=0.1632, r=0.6854) alleles to be
in positive LD and justified by the significant “r values”.

3.4. F SNP results

All the studied VEGF SNPswere found to haveminor or major role in
the transcription regulation process. FS Score 0.176, 0.242, 0.257 and
0.282, were observed against −2578C N A, −1154G N A, +405G N A
and −460C N T SNPs. The findings suggest a significant change in the
transcription regulation due to frame shift coding (FS score = 0.28) in
−460C N T SNP. Further in-silico analysis revealed changes in transcrip-
tion regulation pattern for −1154G N A (FS score = 0.24) (Table 5).

4. Discussion

Understanding about etiology of AMD is yet limited. Genetic factors
controlling angiogenesis and inflammation are being investigated for
their role in pathogenesis of AMD. The angiogenesis process is highly
controlled through the balance of pro- and anti-angiogenic factors.
VEGF being an important player in the growth of new blood vessels is
the key pro-factor in this process and probably a factor in development
and progression of AMD. The new blood vessels tend to leak fluid and
blood under the macula, leading to the loss of central vision. A number
of therapies have been developed to block the effects of VEGF by binding
to and sequestering the protein. Hence VEGF polymorphisms are likely
to be causally associated with AMD. Previous studies investigated the
possible associations between VEGF-A gene polymorphisms and AMD,
with contrasting data. Out of four polymorphisms three have shown as-
sociation with AMD in this study with odds ratios varying from 2.02 to
3.26. The −2578C N A has not been associated with AMD in our study
as was the case in Japanese and Caucasians (Amy et al., 2009; Lee and
Shatkay, 2009).

In the current study association of VEGF−1154G N A and−460C N T
SNPs were observed with AMD. Odds ratios for mutant homozygotes
and heterozygote under dominant mode for −460C N T SNP was 3,
Table 4
Linkage disequilibrium association among VEGF−1154G N A,−2578C N A, +405G N C,−460

VEGF −1154 G VEGF −1154 A VEGF −2578C VEGF −

VEGF −1154 G * 0.7703 0.6073 0.4862
VEGF −1154 A 0.1773 * 0.7058 0.7709
VEGF −2578C 0.1331 0.1652 * 0.9135
VEGF −2578 A 0.1094 0.1852 0.2090 *
VEGF +405 G -0.0798 0.0925 -0.0851 0.1001
VEGF +405 C 0.1254 0.1991 0.1672 0.1937
VEGF −460 C 0.0935 0.1836 0.1523 0.1872
VEGF −460 T 0.1155 0.1824 0.1827 0.1960

Values below the diagonal represent standard LD values (D) generated using Tajima's Principl
while that for VEGF −1154G N A was 2.26. Studies in Japanese popula-
tion did not show association of VEGF −1154G N A polymorphism
(Awata et al., 2002). Haines et al., have showed risk association for var-
iant genotypes of−460C N T SNPwith AMD (Haines et al., 2006) which
is in lieu with our findings. Studies by Janik-Papis et al. (2009) and
Szaflik et al. (2009) in the Polish population have also showed similar
risk association for AMD with heterozygous −460 CT genotype. A
strong association of A-A-G-T haplotype (odds ratio of 12) with AMD
suggests the possibility of additive independent association of VEGF
−1154 G N A and 460C N T alleles shown in Table 3.

VEGF +405G N C is a well studied polymorphism in AMD but still
there is no consensus. Studies from Tunisia and Poland showed associa-
tion of VEGF +405G N C (Janik-Papis et al., 2009; Imen et al., 2014). In
contrast, one study on Taiwan Chinese population has showed insignif-
icant association of the+405 C allele with AMD (Lin et al., 2008). Chur-
chill et al. also did notfind the independent associationwithVEGF+405
SNP but the+405C allele was present in the haplotype associationwith
neovascular AMD (Churchill et al., 2006). In thepresent study, heterozy-
gote +405 GC genotype showed odds ratio 2.02 (P value of 0.02). Pa-
thology of AMD and diabetic retinopathy has similarities in the form
of neovascularity. Hence, increased VEGF level may be seen as a patho-
genetic factor is likely to be a commonality in the pathogenesis. A
study in diabetic retinopathy by Awata et al. showed association of
+405 CC genotype with diabetic retinopathy (Awata et al., 2002).
They also showed that healthy individuals with +405 CC genotype
have higher levels of VEGF. A study on Tunisian population has showed
the plasma levels of VEGF+405CC genotypewere statistically higher in
AMDpatients than in controls. However, another study showed that the
healthy subjects with GG genotype showed highest production of VEGF
after stimulation ofmononuclear cells with lipopolysacchoride (Watson
et al., 2000). This indicates that the effect of alleles at +405 on VEGF
level is not consistent or not significant. There is one study from India
and showed the association in CG heterozygous genotype in Indianpop-
ulation (Suganthalakshmi et al., 2006). This is similar to our results. The
inconsistent results from studies from different countries may be due to
differences in the sizes of the studies and the population based
variations.

VEGF is a proven growth factor and prominent cytokine that plays a
role in pathogenesis of AMD. Efficacy of anti VEGF antibody in the treat-
ment of AMD supports this hypothesis. The present study and some
other studies signifies genetic associations of VEGF −1154G N A,
+405G N C and −460C N T SNPs with AMD. However, the effects of
the various SNPs in VEGF gene, singly or in combinations on the VEGF
level production need to be studied. We have not studied VEGF levels;
which remains as a major limitation of the study.
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C N T SNPs in AMD patients and controls.

2578 A VEGF +405 G VEGF +405C VEGF −460C VEGF −460 T

-0.3947 0.5432 0.4200 0.5198
0.4288 0.8072 0.7722 0.7683
-0.4142 0.7122 0.6730 0.8084
0.4744 0.8036 0.8056 0.8449
* 0.6465 0.4808 -0.4332
0.1400 * 0.7320 0.6854
0.1003 0.1745 * 0.9948
-0.0903 0.1632 0.2283 *

e; values above the diagonal represent correlation coefficient using Cramer's V statistic.



Table 5
Functional evaluation of VEGF.

Genetic variation Chromosomal Pos Functional category Prediction tool Prediction result FS score

VEGF −1154G N A
rs1570360

Chr 6, 43,845,808 Transcription regulation TFSearch Change 0.242

VEGF −2578C N A
rs699947

Chr 6, 43,844,367 Transcription regulation TFSearch Change 0.176

VEGF +405G N C rs2010963 Chr 6, 43,846,328 Transcription regulation TFSearch Change 0.257
VEGF −460C N T
rs833061

Chr 6, 43,845,464 Transcription regulation TFSearch Frame shift coding 0.282

253D. Gupta et al. / Meta Gene 9 (2016) 249–253
Contribution of authors

The work was designed by Shubha Phadke, Vani Gupta, Vinita Singh
and Shobhit Chawla. Researchwork was performed byDivya Gupta and
Swayam Prakash. Diagnosis of AMD patients and control samples was
done by Shobhit Chawla. The paper was edited by Shubha Phadke,
Vani Gupta, Shobhit Chawla and Suraksha Agrawal.

Statement for the submission

We are submitting an original manuscript in your esteemed journal
“Journal of Meta Gene”. This work has not been published anywhere
previously and that it is not simultaneously being considered for any
other publication.

Acknowledgements

Wewould like to express our greatest appreciation to all the partic-
ipants in the study. This work was supported by the Indian Council of
Medical Research (45/20/2010/CMB/BMS and 63/8/2010-BMS) New
Delhi.

Appendix A. Supplementary data

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.mgene.2016.07.011.

References

Amy, M., Fang, Lee, A.Y., Kulkarni, M., et al., 2009. Polymorphisms in the VEGFA and
VEGFR-2 genes and neovascular age-related macular degeneration. Mol. Vis. 15,
2710–2719.

Awata, T., Inoue, K., Kurihara, S., et al., 2002. A common polymorphism in the 5′-untrans-
lated region of the VEGF gene is associated with diabetic retinopathy in type 2 diabe-
tes. Diabetes 51, 1635–1639.
Churchill, A.J., Carter, J.G., Lovell, H.C., et al., 2006. VEGF polymorphisms are associated
with neovascular age-related macular degeneration. Hum. Mol. Genet. 15,
2955–2961.

Excoffier, L., Lischer, H.E., 2010. Arlequin suite ver 3.5: a new series of programs to per-
form population genetics analyses under Linux and Windows. Mol. Ecol. Resour. 10,
564–567.

Frank, R.N., Amin, R.H., Eliott, D., et al., 1996. Basic fibroblast growth factor and vascular
endothelial growth factor are present in epiretinal and choroidal neovascular mem-
branes. Am J. Ophthalmol. 122, 393–403.

Haines, J.L., Schnetz-Boutaud, N., Schmidt, S., et al., 2006. Functional candidate genes in
age-related macular degeneration: significant association with VEGF, VLDLR, and
LRP6. Invest. Ophthalmol. Vis. Sci. 47, 329–335.

Imai, D., Mori, K., Horie-Inoue, K., et al., 2010. CFH, VEGF, and pedf genotypes and the re-
sponse to intravitreous injection of bevacizumab for the treatment of age-related
macular degeneration. J. Ocul. Biol. Dis. Inform. 3, 53–59.

Imen, H., Imen, S., Ahmed, C., et al., 2014. Vascular endothelial growth factor genetic poly-
morphisms and susceptibility to age-related macular degeneration in Tunisian popu-
lation. Biomarker Res. 2, 15.

Janik-Papis, K., Zaras, M., Krzyzanowska, A., et al., 2009. Association between vascular en-
dothelial growth factor gene polymorphisms and age-related macular degeneration
in a polish population. Exp. Mol. Pathol. 87, 234–238.

Lee, P.H., Shatkay, H., 2009. An integrative scoring system for ranking SNPs by their poten-
tial deleterious effects. Bioinformatics 25, 1048–1055.

Lin, J.-M., Wan, L., Tsai, Y.-Y., et al., 2008. Vascular endothelial growth factor gene poly-
morphisms in age-related macular degeneration. Am J Ophthalmol. 145,
1045–1051, e1042.

Oishi, A., Mandai, M., Nishida, A., et al., 2011. Remission and dropout rate of anti-VEGF
therapy for age-related macular degeneration. Eur. J. Ophthalmol. 21, 777–782.

Perrin, R.M., Konopatskaya, O., Qiu, Y., et al., 2005. Diabetic retinopathy is associated with
a switch in splicing from anti- to pro- angiogenic isoforms of vascular endothelial
growth factor. Diabetologia 48, 2422–2427.

Suganthalakshmi, B., Anand, R., Kim, R., et al., 2006. Association of VEGF and eNOS gene
polymorphisms in type 2 diabetic retinopathy. Mol. Vis. 12, 336–341.

Szaflik, J.P., Błasiak, J., Krzyanowska, A., et al., 2009. Distribution of the C-460 T polymor-
phism of the vascular endothelial growth factor gene in age-related macular degen-
eration. Klin. Ocz. 111, 125–127.

Tajima, F., 1989. Statistical method for testing the neutral mutation hypothesis by DNA
polymorphism. Genetics 123, 585–595.

Watson, C.J., Webb, N.J., Bottomley, M.J., et al., 2000. Identification of polymorphisms
within the vascular endothelial growth factor (VEGF) gene: correlation with variation
in VEGF protein production. Cytokine 12, 1232–1235.

Witmer, A.N., Vrensen, G.F., Van Noorden, C.J., et al., 2003. Vascular endothelial growth
factors and angiogenesis in eye disease. Prog. Retin. Eye Res. 22, 1–29.

doi:10.1016/j.mgene.2016.07.011
doi:10.1016/j.mgene.2016.07.011
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0005
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0005
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0005
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0010
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0010
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0010
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0015
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0015
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0015
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0025
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0025
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0025
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0030
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0030
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0030
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0035
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0035
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0035
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0040
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0040
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0040
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0045
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0045
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0045
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0050
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0050
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0050
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0055
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0055
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0060
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0060
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0060
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0065
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0065
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0070
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0070
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0070
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0075
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0075
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0080
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0080
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0080
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0085
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0085
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0090
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0090
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0090
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0095
http://refhub.elsevier.com/S2214-5400(16)30034-2/rf0095

	Vascular endothelial growth factor gene polymorphisms and association with age related macular degeneration in Indian patients
	1. Introduction
	2. Materials and methods
	2.1. Patients and clinical examination
	2.2. DNA extraction and genotyping
	2.3. Statistical analysis

	3. Results
	3.1. Genotype and allele frequency
	3.2. Haplotype frequency
	3.3. Linkage disequilibrium
	3.4. F SNP results

	4. Discussion
	Financial disclosures
	Declaration of interest
	Contribution of authors
	Statement for the submission
	Acknowledgements
	Appendix A. Supplementary data
	References


