
© 2018 Indian Journal of Ophthalmology | Published by Wolters Kluwer - Medknow

Original Article

Association of exudative age‑related macular degeneration with matrix 
metalloproteinases‑2 (‑1306 C/T) rs243865 gene polymorphism

Rasa Liutkeviciene1,2, Alvita Vilkeviciute2, Dominyka Borisovaite3, Goda Miniauskiene1

Access this article online
Website:  
www.ijo.in
DOI:  
10.4103/ijo.IJO_1050_17
PMID:  
***

Quick Response Code:

Purpose: Age‑related macular degeneration (AMD) is a disease of the macula that significantly affects eyesight and 
leads to irreversible central vision loss. Recent studies have demonstrated that angiogenesis is the most important 
mechanism of AMD development. It is associated with extracellular remodeling involving different proteolytic 
systems, among them matrix metalloproteinases (MMPs), which play an essential role in the etiopathogenesis of 
AMD. The main objective of the present study was to determine the relationship between exudative AMD and 
MMP‑2 (‑1306 C/T) rs243865 polymorphism. Methods: The study enrolled 267 patients with exudative AMD 
and 318 controls. DNA was extracted from peripheral venous blood leukocytes by commercial kits. Genotyping 
of MMP‑2 (‑1306 C/T) rs243865 was carried out using real‑time polymerase chain reaction method. Results: The 
analysis of MMP‑2 (‑1306 C/T) polymorphism did not reveal any differences in the distribution of CC, CT, and 
TT genotypes between the exudative AMD and control groups: 58.8%, 31.5% and 9.7% vs. 59.75%, 33.96% and 
6.29%, respectively, P = 0.287). When the study population was subdivided into age groups, MMP‑2 (‑1306 C/T) 
rs243865 CT genotype showed 5.7‑fold increased the risk of exudative AMD development compared to CC and TT 
genotypes together in younger (<65 years) males group (P = 0.05). Conclusion: MMP‑2 (‑1306 C/T) polymorphism 
is associated with exudative AMD development in younger males.
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Age‑related macular degeneration (AMD) causes significant 
and irreversible loss of central vision. In developed countries, 
AMD is the most common cause of visual loss in persons aged 
60 years and older.[1]

Macular degenerative lesions in AMD include drusen 
formation, changes in the retinal pigment epithelium, atrophy 
of the retinal pigment epithelium and choroidal choriocapillary 
layer, lesions of Bruch’s membrane, geographic atrophy of the 
central fovea, exudative AMD with choroidal neovascularization, 
detachment of the retinal pigment epithelium, or submacular 
disciform scarring. In normal aging, the increased thickness of 
Bruch’s membrane,[2,3] the deposition of normal and abnormal 
extracellular matrix (ECM) material,[4] increased cross‑link 
formation (oxidative and nonenzymatic glycosylation leading 
to advanced glycation and lipoxidation end products),[5] and the 
accumulation of lipid‑rich debris[6,7] are the changes that imply 
disturbances in ECM turnover of the membrane.

Recent studies have demonstrated that angiogenesis 
is the most important mechanism of AMD development 
and is associated with extracellular remodeling involving 
different proteolytic systems, among which matrix 
metalloproteinases (MMPs) play an essential role.[8] It has 
been suggested that the decrease in MMP‑2 activity correlates 
with drusen formation.[9] Irrespective of an age‑related increase 

in levels of pro‑MMP2 and pro‑MMP‑9 in Bruch’s membrane, 
the amount of oxidized, denatured, and damaged collagenous 
substrate was observed to increase, accounting for nearly 
50% of total collagen in elderly membranes.[4,10] In advanced 
aging associated with AMD, despite a 2‑fold increase in the total 
level of pro‑MMP‑9, levels of active‑MMP‑2 and active‑MMP‑9 
were reduced by 50% compared to age‑matched controls.[11]

In addition, C to T allelic variation located in MMP‑2 
at nucleotide‑1306 (National Center for Biotechnology 
Information single‑nucleotide polymorphism [SNP] 
identification no. rs243865) disrupts the Sp1‑binding site of a 
transcription factor in the promoter region, where promoter 
loses 50% activity.[12]

To the best of our knowledge, no studies have investigated 
the association between the MMP‑2 (‑1306 C/T) polymorphism 
and exudative AMD. Therefore, the aim of this study was to 
determine associations between the MMP‑2 (‑1306 C/T) gene 
polymorphism and the development of exudative AMD.

Methods
Permission (Number BE‑2‑/13) to undertake the study was 
obtained from Kaunas Regional Biomedical Research Ethics 

Cite this article as: Liutkeviciene R, Vilkeviciute A, Borisovaite D, 
Miniauskiene G. Association of exudative age-related macular degeneration 
with matrix metalloproteinases-2 (-1306 C/T) rs243865 gene polymorphism. 
Indian J Ophthalmol 2018;66:551-7.

This is an open access journal, and articles are distributed under the terms of 
the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, 
which allows others to remix, tweak, and build upon the work non-commercially, 
as long as appropriate credit is given and the new creations are licensed under 
the identical terms.

For reprints contact: reprints@medknow.com



552 Indian Journal of Ophthalmology Volume 66 Issue 4

Committee. The study was conducted in the Department of 
Ophthalmology, Hospital of Lithuanian University of Health 
Sciences and Laboratory of Ophthalmology, Neuroscience 
Institute, Lithuanian University of Health Sciences. The study 
enrolled 267 patients with exudative AMD: 99 males (37.1%) 
and 168 females (62.9%). The control group consisted of 
113 males (35.5%) and 205 (64.5%) females and the proportion 
of males and females between the study groups did not 
differ (P = 0.382). Individuals in the exudative AMD group 
were not significantly older than control group individuals, 
75.4 and 74.78 years, respectively (P = 0.824). During the study, 
the study population was subdivided into two groups by age: 
persons younger than 65 years and aged 65 years and older. 
Risk factors as smoking and lipid profile were included in our 
manuscript. There was no significant difference in gender and 
age between the two groups (P > 0.05). Smoking history was not 
a risk factor for AMD in this study population either (P = 0.605). 
However, we found that low‑density lipoprotein‑cholesterol 
was significantly higher in exudative AMD patients than in 
controls (7.25% vs. 4.72%, P < 0.001).

Demographic and clinical characteristics of the study 
population are shown in Table 1.

Control group formation
The age‑ and gender‑matched control group comprised 
318 selected participants who had no ophthalmologic 
pathology on examination and matched inclusion criteria.

The random sample population was selected from the 
following projects:
1. The International Health, Alcohol and Psychosocial Factors 

in Eastern Europe project[13] involving Kaunas population 
aged 45–74 years run by the Laboratory of Population 
Research, Institute of Cardiology, LUHS

2. The International Countrywide Integrated Noncommunicable 
Disease Intervention project[14] involving Lithuanian 
population aged 25–65 years run by the Laboratory of 
Preventive Medicine, Institute for Biomedical Research, LUHS

3. The Kaunas Healthy Ageing Study[15] involving Kaunas 
population older than 65 years run by the Clinic of Geriatrics 
and the Laboratory of Molecular Cardiology, Institute of 
Cardiology, LUHS.

Gene polymorphisms did not differ between healthy 
controls and a random sample of the population. Hence, only 
healthy controls were included in the further research.

All patients were consulted by a general practitioner and 
a neurologist. Patients meeting the inclusion criteria were 
further examined at the Department of Cardiology, LUHS, to 
exclude ischemic heart disease (IHD). All patients completed 
a questionnaire about the risk factors of IHD and clinical 
symptoms. Patients with no symptoms of typical chest angina 
and with no typical ischemic changes on the ECG were included 
into the final study group.

Ophthalmologic examination
All study patients were evaluated by slit‑lamp biomicroscopy 
to assess corneal and lenticular transparency. At each 
examination, the intraocular pressure was measured. Pupils 
were dilated with 1% tropicamide, and then the fundoscopy 
using a direct monocular ophthalmoscope and slit‑lamp 
biomicroscopy using a double aspheric lens of +78 diopters 
were performed. The results of ophthalmologic examinations 
were recorded on specially standardized forms. For the 
detailed evaluation of the macula, stereoscopic color fundus 
photographs of the macula centered at 45° and 30° to the fovea 
were obtained.

The classification system of AMD proposed by the 
Age‑Related Eye Disease Study[16] was used. The diagnosis of 
exudative AMD was based on optical coherence tomography 
examination results. Fluorescein angiograms were performed 
if necessary.

The following exclusion criteria were used: (i) unrelated 
eye disorders, for example, high refractive error, cloudy 
cornea, lens opacity (nuclear, cortical, or posterior 
subcapsular cataract), keratitis, acute or chronic uveitis, 
glaucoma, or diseases of the optic nerve; (ii) systemic 
illnesses, for example, diabetes mellitus, malignant tumors, 
systemic connective tissue disorders, chronic infectious 
diseases, or conditions after organ or tissue transplantation; 
and (iii) ungraded color fundus photographs resulting from 
obscuration of the ocular optic system or because of fundus 
photograph quality.

Table 1: Demographic and clinical characteristics of the study groups

Characteristic Group P

Exudative AMD (n=267) Control (n=318)

Gender, n (%)

Men 99 (37.1) 113 (35.5) 0.382

Women 168 (62.9) 205 (64.5)

Age, median (range) 75.40±7.65 74.78±8.42 0.824

Smoking history, n (%)

Never 249 (93.1) 293 (92) 0.605

Current or former 18 (6.9) 25 (8)

Total cholesterol, mean (SD), mmol/L* 7.18 (1.26) 6.47 (1.36) 0.092

LDL-cholesterol, mean (SD), mmol/L* 7.25 (1.24) 4.72 (2.76) ˂0.001

HDL-cholesterol, mean (SD), mmol/L* 1.49 (0.41) 1.44 (0.29) 0.562
TG, mean (SD), mmol/L* 1.75 (0.91) 1.71 (1.21) 0.349

*Total cholesterol, LDL-cholesterol, HDL-cholesterol, TG were evaluated in 150 persons (50 persons in each group). SD: Standard deviation, LDL: Low-density 
lipoprotein, HDL: High-density lipoprotein, TG: Triglycerides, AMD: Age-related macular degeneration
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DNA extraction and genotyping
The DNA extraction and analysis of the gene polymorphism 
of MMP‑2 were carried out in the Laboratory of Molecular 
Cardiology at the Institute of Cardiology of the LUHS for the 
control group, and in the Laboratory of Ophthalmology at the 
Institute of Neuroscience of the LUHS for the AMD patient 
group. DNA was extracted from the venous blood of patients 
using the genomic DNA purification kit (GeneJET Genomic 
DNA Purification Kit, Thermo Fisher Scientific Inc., Waltham, 
United States), according to the recommendations of the 
manufacturer.

The genotyping of MMP‑2 (‑1306 C/T, rs243865) was carried 
out using the real‑time polymerase chain reaction (RT‑PCR) 
method by the HT 7900 RT‑PCR quantification system (Applied 
Biosystems, USA). An appropriate RT‑PCR mixture of 
MMP‑2 (‑1306 C/T, rs243865) was prepared using SNP 
genotyping assay (rs243865: C_3225943‑10, Applied 
Biosystems, Foster City, CA, USA), 2X TaqMan® Universal 
Master Mix (Applied Biosystems, Foster City, CA, USA), and 
nuclease‑free water (Thermo Fisher Scientific Inc., Waltham, 
United States), according to manufacturer‘s recommendations, 
under the following PCR conditions: 10 min at 95°C; 
40 cycles (15 s at 95°C, and 1 min at 60°C).

Genotyping quality control
Five percentage of randomly chosen samples for each of the 
two SNPs were selected for repetitive analysis. Replication 
experiments revealed a 100% concordance rate of genotypes 
and alleles with the initial genotyping results.

Statistical analysis
Statistical analysis was performed using the SPSS/W 20.0 
software (Statistical Package for the Social Sciences for 
Windows, Inc., Chicago, Illinois, USA). Data are expressed as 
absolute numbers with percentages, mean value, and standard 
deviation as well. Frequencies of genotypes are expressed in 
percentages.

Hardy–Weinberg analysis was performed to compare the 
observed and expected frequencies of MMP‑2 (‑1306 C/T) rs243865 
genotypes and alleles using the Chi‑square test in the exudative 
AMD and control groups. The distribution of MMP‑2 (‑1306 C/T) 
rs243865 genotypes in the exudative AMD and control groups 
was compared using the Chi‑square test or the Fisher exact test. 
Binomial logistic regression analysis was performed to estimate 
the impact of genotypes on the exudative AMD development. 

Odds ratios (OR) and 95% confidence intervals (CIs) are presented. 
The selection of the best genetic model was based on the Akaike 
information criterion (AIC); therefore, the best genetic models 
were those with the lowest AIC values.

Differences were considered statistically significant when 
P < 0.05.

Results
Hardy–Weinberg equilibrium
The observed frequencies of MMP‑2 (‑1306 C/T) rs243865 
genotypes were in Hardy–Weinberg equilibrium in the 
control group (P = 0.383) but not in the exudative AMD 
group (P = 0.005).

Matrix metalloproteinases‑2 (‑1306 C/T) rs243865 genotype 
distribution in exudative age‑related macular degeneration 
and control groups
Frequencies of MMP‑2 (‑1306 C/T) rs243865 genotype and allele 
distribution are presented in Table 2. Statistical analysis did not 
show significant differences comparing genotype (C/C, C/T, 
and T/T) and allele (C and T) distribution between the study 
groups (P = 0.287 for genotypes; P = 0.382 for alleles) [Table 2].

We only observed a tendency of TT genotype to be linked 
with exudative AMD development when compared to CC 
genotype, but binomial logistic regression analysis did not 
reveal statistically significant results [Table 3].

Matrix metalloproteinases‑2 (‑1306 C/T) rs243865 genotype 
distribution in exudative age‑related macular degeneration 
and control groups by gender and age
Further MMP‑2 (‑1306 C/T) rs243865 analysis was made in 
exudative AMD and the control groups by gender [Table 4] 
and age [Table 5]. The same tendency for TT genotype to be 
linked with exudative AMD development was observed in 
males and females and in the groups of persons younger than 
65 years and 65 years and older. Unfortunately, the results did 
not reach statistical significance.

MMP‑2 (‑1306 C/T) rs243865 genotype distribution 
analysis in male and female groups by age was performed 
[Tables 6 and 7]. Analysis of rs243865 genotype distribution 
in younger and older females did not reveal any statistically 
significant results. On the other hand, we found CT genotype 
association with 5.7‑fold increased risk of exudative AMD 

Table 2: Frequency of matrix metalloproteinases‑2 (‑1306 C/T) rs243865 genotypes in exudative age‑related macular 
degeneration and control groups

Gene Genotype/allele Frequency (%)

Control group (n=318), 
n (%)

P value 
HWE

AMD group (n=267), 
n (%)

P value 
HWE

P

MMP-2 (-1306 C/T) rs243865 C/C 190 (59.75) 0.383 157 (58.8) 0.005 0.287

C/T 108 (33.96) 84 (31.5)

T/T 20 (6.29) 26 (9.7)

Total 318 (100) 267 (100)

C 488 (76.7) 398 (74.5) 0.382

T 148 (23.3) 136 (25.5)

AMD: Age-related macular degeneration, P: Significance level, P value HWE: Significance level by Hardy‑Weinberg equilibrium; statistically significant 
differences when P<0.05, MMP: Matrix metalloproteinases
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development in younger males (OR = 5.729; 95% CI: 1.001; 
32.793; P = 0.05) [Table 8].

Discussion
Our results revealed that MMP‑2 (‑1306 C/T) rs243865 CT 
genotype showed 5.7‑fold increased risk of exudative AMD 
development compared to CC and TT genotypes together in 

younger (<65 years) males group (P = 0.05), so we concluded 
that MMP‑2 (‑1306 C/T) rs243865 polymorphism may be 
associated with exudative AMD development in younger 
males. To the best of our knowledge, currently, there are only 
three studies analyzing MMP‑2 (‑1306) C/T gene polymorphism 
influence on AMD development.[17‑19] There is only one study[17] 
analyzing MMP‑2 (‑1306 C/T) rs243865 gene polymorphism 

Table 5: Frequency of matrix metalloproteinases‑2 (‑1306 C/T) rs243865 genotypes in exudative age‑related macular 
degeneration and control groups by age

Genotype/allele <65 years P ≥65 years P

AMD group (n=24), 
n (%)

Control 
group (n=168), n (%)

AMD group (n=243), 
n (%)

Control 
group (n=150), n (%)

CC 11 (45.8) 103 (61.3) 0.112 146 (60.1) 87 (58.0) 0.381

CT 11 (45.8) 56 (33.3) 0.165 73 (30.0) 52 (34.7) 0.199

TT 2 (8.3) 9 (5.4) 0.411 24 (9.9) 11 (7.3) 0.251

C 33 (68.75) 262 (77.98) 0.199 365 (75.1) 226 (75.33) 1.0

T 15 (31.25) 74 (22.02) 121 (24.9) 74 (24.67)

AMD: Age-related macular degeneration, P: Significance level, statistically significant differences when P<0.05

Table 6: Frequency of matrix metalloproteinases‑2 (‑1306 C/T) rs243865 genotypes in females by age

Genotype/allele <65 years P ≥65 years P

AMD group (n=17), 
n (%)

Control 
group (n=125), n (%)

AMD group (n=151), 
n (%)

Control 
group (n=80), n (%)

CC 8 (47.1) 72 (57.6) 0.286 93 (61.6) 49 (61.3) 0.535

CT 7 (41.2) 46 (36.8) 0,460 42 (27.8) 23 (28.7) 0.499

CC 2 (11.8) 7 (5.6) 0.293 16 (10.6) 8 (10.0) 0.541

C 23 (67.65) 190 (76.0) 0.296 228 (75.5) 121 (75.63) 1.0

T 11 (32.35) 60 (24.0) 74 (24.5) 39 (24.37)

AMD: Age-related macular degeneration, P: Significance level, statistically significant differences when P<0.05

Table 3: Binomial logistic regression analysis in exudative age‑related macular degeneration and control groups

Model Genotype OR (95% CI) P AIC

Codominant CT 0.941 (0.660-1.342) 0.738 808.046

TT 1.573 (0.846-2.925) 0.152

Dominant CT+TT 1.040 (0.747-1.448) 0.816 808.476

Recessive TT 1.607 (0.876-2.950) 0.125 808.158

Overdominant CT 0.893 (0.631-1.263) 0.521 808.118
Additive - 1.114 (0.836-1.437) 0.407 807.842

P: Significance level, statistically significant differences when P<0.05, OR: Odds ratio, AIC: Akaike information criterion, CI: Confidence interval

Table 4: Frequency of matrix metalloproteinases‑2 (‑1306 C/T) rs243865 genotypes in exudative age‑related macular 
degeneration and control groups by gender

Genotype/allele Males P Females P

Exudative AMD 
group (n=99), n (%)

Control 
group (n=113), n (%)

AMD group (n=168), 
n (%)

Control 
group (n=205), n (%)

CC 56 (56.6) 69 (61.06) 0.300 101 (60.1) 121 (59.02) 0.457

CT 35 (35.4) 39 (34.51) 0.506 49 (29.2) 69 (33.66) 0.207

TT 8 (8.1) 5 (4.42) 0.206 18 (10.7) 15 (7.32) 0.167

C 147 (74.24) 177 (78.32) 0.324 251 (74.7) 311 (75.85) 0.717

T 51 (25.76) 49 (21.68) 85 (25.3) 99 (24.15)

AMD: Age-related macular degeneration, P: Significance level, statistically significant differences when P<0.05
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association and only with the early AMD development. Our 
study analyzed 387 patients with early AMD and a random 
sample of 682 healthy persons (control group). This study 
showed a significantly greater prevalence of the C/C and C/T 
genotypes in the patients with AMD younger than 65 years 
and those aged ≥65 years, respectively. Moreover, the AMD 
women aged <65 years were the carriers of the C/C genotype 
significantly more frequently than their control counterparts.[17] 
This study draws attention to the limitation of this study as 
the replication of MMP‑2 gene polymorphism in patients 
with exudative AMD is needed. The study by Seitzman 
et al. analyzed MMP‑2 (‑1306) C/T gene polymorphism in 
females with AMD[19] where association between MMP‑2 
and early or late AMD in older women was not found.[19] The 
following study done by Ortak et al. also analyzed genotype 
distributions and allelic frequencies of MMP2 (‑1306C >T). 
This case‑controlled prospective study included 144 AMD 
patients and 172 control subjects.[18] No significant differences 
in either genotype distribution or allelic frequencies of 
MMP2 (‑1306C >T) were found among the patients with dry 
AMD, wet AMD, and control group.[18]

Age and gender interactions with mutations were reported 
for several genes, such as ApoE, apoA1, lipoprotein lipase, and 
apoC3, associated with cardiovascular diseases.[20‑23] Russo et al. 
reported the relationship of the genotype with male gender and 
younger age.[24] Edelman et al. also revealed several differences 

associated with the genotype and gender.[25] However, the 
authors agree that additional studies are required to further 
explore the relationships between genotypes and gender.[25]

Another study[26] analyzing MMP‑2 (‑735) C/T gene 
polymorphism association with the early AMD did not find 
any statistically significant differences between the patients 
with early AMD and the control group. A study done by 
Seitzman et al. proved that MMP‑2 rs2287074 SNP (G‑‑>A) 
was associated with age‑related maculopathy (ARM). The 
A allele was present in 47%, 43%, and 30% of participants 
with no, early, and late ARM, respectively (P = 0.01) and 
was associated with lower odds of any ARM.[19] It is known 
that the MMP2 promoter consists of several cis‑acting 
regulatory elements, which can regulate MMP2 expression 
through transcription factors, such as p53 and Sp1[27,28] and 
one of the SNPs in the MMP2 promoter site (C/T transition at 
nucleotide − 1306) disrupts the Sp1‑binding position at the T 
allele (CCACC BOX) and has significantly lower transcription 
activity when compared to the C allele. [12] In a study done by 
Guo et al., some levels of pro‑MMP‑2 were detected in healthy 
human Bruch’s membrane and choroid, which increased with 
age.[10] Increased levels of inactive forms of MMP and scarcity 
of active forms of MMP‑2 suggested possible involvement of 
impaired extracellular degradation in both aging and macular 
degeneration. The study authors stated that reduction in the 
levels of activated MMP‑2 and MMP‑9 may be responsible 

Table 8: Binomial logistic regression analysis in males of exudative age‑related macular degeneration and control groups 
by age

Model Genotype OR (95% CI) P AIC

<65

Codominant CT 5.360 (0.936-30.709) 0.059 39.590

TT - 0.999

Dominant CT + TT 4.118 (0.757-22.388) 0.101 39.183

Recessive TT - 0.999 41.233

Overdominant CT 5.729 (1.001-32.793) 0.050 37.979

Additive - 2.107 (0.586-7.578) 0.254 40.676

≥65

Codominant CT 0.517 (0.122-2.195) 0.371 205.704

TT 0.446 (0.102-1.957) 0.284

Dominant CT + TT 0.971 (0.499-1.890) 0.931 204.924

Recessive TT 2.052 (0.496-8.481) 0.321 203.877

Overdominant CT 0.807 (0.407-1.598) 0.538 204.552
Additive - 1.097 (0.643-1.871) 0.734 204.816

OR: Odds ratio, AIC: Akaike information criterion, P: Significance level, statistically significant differences when P<0.05

Table 7: Frequency of matrix metalloproteinases‑2 (‑1306 C/T) rs243865 genotypes in males by age

Genotype/allele <65 years P ≥65 years P

AMD group (n=7), 
n (%)

Control group (n=43), 
n (%)

AMD group (n=92), 
n (%)

Control group (n=70), 
n (%)

CC 3 (42.9) 31 (72.1) 0.136 53 (57.6) 38 (54.3) 0.396

CT 4 (57.1) 10 (23.3) 0.085 31 (33.7) 29 (41.4) 0.199

TT 0 2 (4.7) 0.737 8 (8.7) 3 (4.3) 0.217

C 10 (71.43) 72 (83.72) 0.273 137 (74.46) 105 (75.0) 1.0

T 4 (28.57) 14 (16.28) 47 (25.54) 35 (25.0)

AMD: Age-related macular degeneration, P: Significance level, statistically significant differences when P<0.05
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for the impaired matrix degradation of Bruch’s membrane, 
leading to the pathology associated with AMD.[10] Furthermore, 
in another study, the activity of gelatinase A (MMP‑2), the 
most abundant MMP in IPM (interphotoreceptor matrix) and 
vitreous, was measured with respect to age in normal human 
donor eyes and compared to donors with AMD. Comparing 
normal and AMD donors, there was no significant difference 
in the gelatinase A levels in vitreous or in retina‑associated 
IPM. However, the level of gelatinase A was nearly doubled 
in retinal pigment epithelium‑associated IPM, compared to 
the eyes with AMD. It was concluded by a research team, that 
gelatinase A may be associated with neovascularization.[29] 
Chau et al. analyzed circulating MMP‑2 levels in AMD patients 
and healthy individuals and did not reveal any differences.[30] 
However, Steen et al. detected active tissue MMP‑2 in the 
areas of new vessels formation and in the enveloping of the 
Bruch‑like membrane, suggesting that MMP‑2 and MMP‑9 
may be cooperatively involved in the progressive growth of 
choroidal neovascular membranes in AMD.[31] In contrast to 
the positive association observed between MMP‑2 expression 
and choroidal neovascularization in mice study showed that 
estrogen depletion in ovariectomized mice resulted in a loss 
of MMP‑2 expression and subsequent changes associated with 
dry ARM, such as sub‑retinal pigmented epithelial (sub‑RPE) 
deposit formation and Bruch’s membrane thickening.[32] Both 
male and female 16‑month‑old mice showed qualitatively 
similar basal laminar deposit morphology, but the severity of 
thickness, continuity, and content were significantly greater 
in female mice. Aged female mice also demonstrated a trend 
toward more severe endothelial changes and increased 
Bruch’s membrane thickening compared with age‑matched 
male mice. It was concluded that estrogen deficiency may 
increase susceptibility to formation of sub‑RPE deposits by 
dysregulating turnover of Bruch’s membrane contributing 
to collagenous thickening and endothelial changes. Estrogen 
supplementation at the dosages used in this study did not 
appear to protect against formation of sub‑RPE deposits.[32] 
Hussain et al.[11] determined that the free and total level of 
pro‑MMP‑2 was reduced in AMD (P < 0.05). Also, there was 
reduction in bound and total levels of active MMP‑2 (P < 0.005 
and P < 0.05, respectively) in AMD samples.  Total levels (bound 
plus free) of active MMP‑2 were significantly reduced in AMD 
donors (age range, 71–95 years) (P < 0.05).[11]

Conclusion
Our results showed that MMP‑2 (‑1306 C/T) rs243865 CT 
genotype showed 5.7‑fold increased risk of exudative AMD 
development compared to CC and TT genotypes together in 
younger (<65 years) males group.

The novelty and strengths of our study include a thorough 
clinical examination of patients. First, we used very strict 
inclusion/exclusion criteria: all patients were examined 
to exclude IHD and completed a questionnaire about the 
risk factors of IHD and clinical symptoms. Patients with 
no symptoms of typical chest angina and with no typical 
ischemic changes on the ECG were included in the final 
study population. All patients were consulted by a general 
practitioner and a neurologist. Patients with malignant tumors, 
rheumatoid diseases, and end‑stage liver or renal diseases 
were excluded from the study as well. Second, only healthy 
controls were included into our research as control group. 

Third, compared to other three studies, we included more 
patients with AMD and more healthy controls.
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