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ABSTRACT

BACKGROUND:

Methylenetetrahydrofolate reductase (MTHFR) C677T polymorphisms have been shown to
influence serum levels of homocysteine, Vit B, and Folate. Homocysteine has been
implicated as a cataractogenic stressor while reduced serum levels of Vit B;, and Folate have
been found to be associated with cataract cases.

OBJECTIVE:

To investigate the associations of MTHFR C677T gene polymorphisms, serum homocysteine
levels, serum Vit By, and serum folate levels in patients with age related cataract.

PATIENTS AND METHODS:

This study was carried out in Eye Department of Swami Dayanand Hospital. Dilshad Garden,
Delhi from 1% December 2020 till 30™ September 2021 as a case cohort study. 40 cases with
cataract and 40 healthy individuals without cataract were enrolled. Informed consent and
detialed history were obtained from all participants and a comprehensive examination was
done. They were subjected to estimation of MTHFR gene (C667T) polymorphism, Serum
Homocysteine, Vitamin B12 and Folic acid and all the biochemical tests were carried out at
Institute of Human Behavior and Allied Sciences (IHBAS), Delhi.

RESULTS:

This study included a total of 40 cases with cataract and 40 matched controls with mean age
of 57.65+6.52 and 55.45+4.67 years respectively. We observed no significant difference in
serum homocysteine, folic acid and vitamin B 12 levels between cases and controls.
However, MTHFR C677T gene polymorphism in cataract cases were significantly different
from that of controls (p=0.03).

CONCLUSION AND RELEVANCE:

This study is the first to investigate genetic association of MTHFR gene polymorphism with
age related cataract in a subset of Indian population. Statistically significant difference of
MTHFR C677T gene polymorphism in cataract cases and control was observed. If this
finding is supported by future research with larger sample sizes, high quality, and broader
ethnicity coverage, then MTHFR C677T gene polymorphism may represent new candidate
biomarkers for high-risk ARC population.
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1. INTRODUCTION

Cataract is characterised by opacification of lens or its capsule obscuring the passage of light.
It results from destruction of crystalline microstructure of lens owing to long term metabolic
disorders.! Age Related Cataract (ARC) or Senile cataract remains the leading cause of
blindness worldwide. In India it accounts for 50-80% of bilaterally blinds in the country.?
Catarectogenesis is a complex process and is considered as the result of the combined effect
of congenital genetic factors and acquired environmental factors. Systemic oxidative stress
has been considered to play an important role in cataract formation. Recently focus of studies
have been shifted to find association of genetic polymorphism and cataract susceptibility.*
High plasma level of homocysteine is considered an important oxidative marker and has been
found to be associated in the pathogenesis of diabetes, Alzheimer’s disease, renal diseases
etc.’ The key enzyme in homocysteine metabolism is Methylene Tetra Hydro Folate
Reductase (MTHFR) which catalyzes irreversibly conversion of 5,10-MTHF to 5-MTHF, the
main circulatory form of folate. Human MTHFR gene is located on chromosome 1p36.3.
C667T polymorphism of MTHFR gene is a C-to-T (Cytosine to Thymine) transition at
nucleotide 677 (C677T) in exon 4, which results in an alanine (Ala) to valine (Val)
substitution in the MTHFR enzyme and makes the enzyme thermo-labile and less active
which leads to hyperhomocysteinemia and hypomethylation in homozygous mutant state and
this makes it an important marker for thrombotic events. Functionally, MTHFR enzyme
activity is reduced 35% with the heterozygous CT genotype and 70% with the variant TT
genotype. Polymorphisms in the MTHFR gene, including mainly C677T and to some extent
A1298C A/V, have been shown to be associated with increased homocysteine levels and has
been linked to other ophthalmologic disorders such as glaucoma, retinal arterio-venous
occlusion, age related macular degeneration (ARMD) and retinal embol;.®"8910:11

There is however little data available on the role of MTHFR polymorphism in cataract
formation. This study was thus conducted to investigate the association of C677T
polymorphism in MTHFR gene, serum homocysteine, folate and vitamin B, level in patients
of ARC.

2. PATIENTS AND METHODS

PATIENTS
This study was carried out in Eye Department of Swami Dayanand Hospital. Dilshad Garden,
Delhi from 1% December 2020 till 30" September 2021(Ten months). All the biochemical
tests were carried out at Institute of Human Behavior and Allied Sciences (IHBAS), Delhi.
The study was approved by the Ethical Committee of the hospital.
Informed consent from all participants regarding the study was obtained. A detailed clinical
history was taken & comprehensive ophthalmic examination was performed. Distant vision
Wwas assessed using Snellen’s chart, Near vision was assessed using hand held Jaeger’s chart.
Cataract was diagnosed based on the diagnostic criteria for cataract in Ophthalmology:

1. Gradual decline of visual acuity, fixed black spots in front of eyes, monodiplopia.

2. Slit lamp examination of dilated pupil.
INCLUSION CRITERIA

e Patients with unilateral or bilateral cataract with vision loss less than 6/18.

e Age of patients and control subjects equal to and above 50 years.

EXCLUSION CRITERIA
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Individuals with complicated and traumatic cataract.
Individuals on anti diabetic treatment.

Patients with coronary artery disease and any malignancy.
Individuals taking multivitamin supplements.

GROUPS FOR STUDY
STUDY DESIGN:

This study is a case — control study.

Based upon the presence of cataract, participants were categorised into two groups

1. Group A (Case) - Patients with cataract
2. Group B (Control) - Patients without cataract

About 10 ml of venous blood sample was collected from patients and control subjects for
biochemistry profiles namely —

. MTHFR gene (C667T) polymorphism,

. Serum Homocysteine,
. Vitamin B12 and
. Folic acid.

In case of delay, sample were separated and stored at -20degree.

SERUM HOMOCYSTEINE ASSESSMENT - Quantification of homocysteine
level analysis was done using the Dialab homocysteine enzymatic cycling reagent kit
on CDx 90 mass photometric system of Thermo Fisher. Sensitivity and specificity
quality control was maintained by running three level control sera provided along
with the thermo scientific kits. The test has been developed to determine
homocysteine concentration within a range of 3-50umol/lI while the lower limit of
detection is 0.4umol/L. A concentrations between 12-15 pmol/L was used as the cut-
off value for the normal level of homocysteine for adult.

SERUM VITAMIN B;; ASSESSMENT-Vitamin Bj,was measured in serum by
commercial available kit by Chemiluminicent analyzer, Cobas e611, Roche Pvt.Ltd.
method as per given in kit protocol.

SERUM FOLATE ASSESSMENT- Folate levels were measured in serum by
commercial available kit by Chemilumoniscent analyser, Cobs €611, Roche Pvt. Ltd.
Method as per given in Kit protocol.

DNA EXTRACTION AND GENETIC POLUMORPHISM STUDIES- DNA
extraction was done by commercially available kit. PCR based allele specific primer
or restriction fragments length polymorphism method was used to study the
polymorphic variation in these genes leading to change.

GENOTYPE ASSESSSMENT-
METHYLTETRAHYDROFOLATEREDUCTASE MTHFR-A PCR based method
was used to determine MTHFR C677T polymorphism using the primer 5’TGA AGG
AGA AGG TGA ATG AGG GA -3’ AND 5°-AGG ACG GTG CGG TGA GAG TG-
3’. The 198 bp PCR product was digested At 37 degree Celcius with Hinfl restriction
enzyme according to the manufacturer’s instructions.
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STATISTICAL ANALYSIS

Data was compiled using MS Excel and analysed using IBM SPSS software version 20.
Categorical data was expressed as frequency and proportions whereas continuous data was
expressed as mean/median and standard deviation/ interquartile range (IQR). The two groups
were assessed for normality distribution. Independent Student t test for normally distributed
and Mann Whitney U test (Wilcoxon signed-rank test) for non normally distributed data was
used to assess the difference in continuous variables. Chi square test was applied to find out
the association of categorical variables across cases and controls. P value less than 0.05 was
considered statistically significant.

TABLE 1: Demographic variables

Demographic variables GROUP-A GROUP-B P-Value
Case (n=40) Control (n=40)
Sex Male 13 (32.5) 7 (17.5) 0.12
Female 27 (67.5) 33 (82.5)
Age (years)  50-54 13 (32.5) 17 (42.5) 0.33
55-59 7 (17.5) 10 (25)
6064 15 (37.5) 12 (30)
>65 5 (12.5) 1(2.5)
TABLE 2: Biochemical Variables
Biochemical variables | GROUP-A GROUP-B P-Value
[Median (IQR)] Case (n=40) Control (n=40)
Serum Homocysteine 13.50(9.00) 17.00(11.50) 0.16
Serum Folic Acid 6.50(5.30) 7.15(6.80) 0.50
Serum Vitamin B12 325.50(262) 354.50(313) 0.97

No Statistical significant difference was observed in Biochemical variables were observed
between Case & Control groups.

TABLE 3: Gene Polymorphism

GENE GROUP-A GROUP-A P- VALUE
POLYMORPHISM | CASE (n= 40) CONTROL (n=40)

CcC 55.0% 77.5%

CT 45.0% 22.5% 0.03
GENE POLYMORPHISM WAS STATISTICALLY
SIGNIFICANT BETWEEN CASE AND CONTROL GROUPS

3. DISCUSSION:

Blindness and MSV1 has been has been found to impose immediate productivity losses on the
Indian economy and is considered major barrier toward reaching the country’s growth goals
such as becoming a $5 trillion economy by 2024-2025."% Cataract being the leading cause of
blindness, has always been the part of research for obvios reasons.

Environmental and genetic factors have been found to be confirmed contributing to the
pathogenesis of ARC.**'* Gene polymorphism has been recognized as a significant factor in
the development of cataract and recently the focus of research has shifted correlate
association of incidence of cataract with various gene polymorphism.* Researchers have
successfully documented risk of developing catarct with polymorphism of DNA repair genes
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XPD and XRCC1, 8-oxoguanine DNA glycosylase gene Ser326Cys polymorphism and
MMP-2 gene polymorphism.!>1617:18

Systemic oxidative stress has been considered to play an important role in cataract formation
and High plasma level of homocysteine is considered an important oxidative marker.>®
MTHFR (Methylene Tetra Hydro Folate Reductase) is the key enzyme of Homocystein
Metabolism. Polymorphisms in the MTHFR gene, including C677T have been shown to be
associated with increased homocysteine levels. Functionally, MTHFR enzyme activity is
reduced 35% with the heterozygous CT genotype and 70% with the variant TT genotype.®
Sen S K et al observed a significantly high serum level level of homocystein while
significantly low level of serum folate in ARC as compared to control group.’® Tan A G et al
in also found that higher prevalence of PSC (Posterior Subcapsular Cataract) was associated
with higher serum homocystein and lower serum folate.?’ Ava Grace Tan et al were also of
the opinion that MTHFR polymorphism and elevated homocysteine levels contributed
separately and jointly to increased risk of cortical cataract.”

Current study was conducted as a case control study on a total of 40 cases with age related
cataract and sex matched controls. with a hypothesis that MTHFR gene polymorphism could
be one of the plausible factor for development of age related cataract. We also compared
serum level of homocysteine, folate and Vitamin Bj, in patients of age related cataract with
the reference group. The study found a statistically significant genotype distribution of
MTHFR C677T in cataract cases and control group. However, difference in serum levels of
homocysteine, folate and Vitamin B1, between ARC and control group were not of found to
be of significance as observed in other studies. This may be explained by the observations
made by Ava Grace Tan et al as they could attribute only 33% incidence of cortical cataract
to indirect pathway of MTHFR polymorphism via elevated Homocysteine levels while rest
67% to the direct pathway.? Wang, Xue-bin et al observed that variants in MTHFR gene
might individually and jointly influence susceptibility to ARC by affecting MTHFR enzyme
activity and tHcy levels.?

Although our study found that MTHFR C677T gene polymorphism might be related ARC,
this stiudy has several limitations. The population was hetrogenous and did not take
consideration of socioeconomic status, dietary habits and environmental factors. Lastly, other
restriction sites of MTHF gene may be involved in development of cataract.

In summary, we conclude that MTHFR C677T gene polymorphism may represent new
candidate biomarkers for high-risk ARC population, however additional original research
with larger sample sizes, high quality, and broader ethnicity coverage remain anticipated.

4. CONCLUSION:

Our study is the first to investigate genetic association of MTHFR gene polymorphism with
age related cataract in a subset of Indian population. We observed a statisically significant
association between MTHFR C677T gene polymorphism and ARC cases as compared to the
reference group. Thus it may represent a new candidate biomarkers for high-risk ARC
population. C677T mutation is irreversible, thus steps should be taken how to mitigate the
reduced activity of C677T gene encoding enzyme or adopt a replcement therapy in order to
protect high - risk population from developing ARC.

579


https://pubmed.ncbi.nlm.nih.gov/?term=Tan+AG&cauthor_id=26986182
https://pubmed.ncbi.nlm.nih.gov/?term=Tan+AG&cauthor_id=26986182

10.

11.

12.

13.

14.

15.

16.

Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833  VOL14, ISSUE7, 2023

5. REFERENCES:

Nizami, Adnan A. and Arun C. Gulani. “Cataract.” StatPearls, StatPearls Publishing, 5
July 2022.

Murthy, Gvs et al. “Current status of cataract blindness and Vision 2020: the right to
sight initiative in India.” Indian journal of ophthalmology vol. 56,6 (2008): 489-94.
d0i:10.4103/0301-4738.42774.

Kaur, Jaskiran et al. “The oxidative stress in cataract patients.” Journal of clinical and
diagnostic research : JCDR vol. 6,10 (2012): 1629-32.
doi:10.7860/JCDR/2012/4856.2626.

Wu X, Lai W, Lin H, Liu Y (2017) Association of OGG1 and MTHFR polymorphisms
with age-related cataract: A systematic review and meta-analysis. PLoS ONE 12(3):
€0172092. doi:10.1371/journal.pone.0172092.

Hoffman, Maureane. “Hypothesis: hyperhomocysteinemia is an indicator of oxidant
stress.” Medical hypotheses vol. 77,6 (2011): 1088-93. doi:10.1016/j.mehy.2011.09.009.
Castro, R et al. “5,10-methylenetetrahydrofolate reductase (MTHFR) 677C-->T and
1298A-->C mutations are associated with DNA hypomethylation.” Journal of medical
genetics vol. 41,6 (2004): 454-8. doi:10.1136/jmg.2003.017244.

Zhou, Bao-Sheng et al. “Tagging SNPs in the MTHFR gene and risk of ischemic stroke
in a Chinese population.” International journal of molecular sciences vol. 15,5 8931-
40. 20 May. 2014, doi:10.3390/ijms15058931.

Liew, Siaw-Cheok, and Esha Das Gupta. “Methylenetetrahydrofolate reductase
(MTHFR) C677T polymorphism: epidemiology, metabolism and the associated
diseases.” European journal of medical geneticsvol. 58,1 (2015): 1-10.
doi:10.1016/j.ejm@.2014.10.004.

Chua, Brian et al. “Homocysteine and retinal vein occlusion: a population-based
study.” American  journal of  ophthalmology vol. 139,1  (2005): 181-2.
d0i:10.1016/j.aj0.2004.06.084.

Chua, Brian et al. “Homocysteine and retinal emboli: the Blue Mountains Eye
Study.” American  journal of ophthalmology vol. 1422  (2006): 322-4.
doi:10.1016/j.aj0.2006.03.039.

Bleich, Stefan et al. “Elevated homocysteine levels in aqueous humor of patients with
pseudoexfoliation glaucoma.” American journal of ophthalmology vol. 138,1 (2004):
162-4. doi:10.1016/j.aj0.2004.02.027.

Wong, Brad et al. “The economic and social costs of visual impairment and blindness in
India.” Indian ~ journal of ophthalmology vol. 70,10 (2022): 3470-3475.
doi:10.4103/ijo.1JO_502_22.

Robman, L, and H Taylor. “External factors in the development of cataract.” Eye
(London, England) vol. 19,10 (2005): 1074-82. doi:10.1038/sj.eye.6701964

Shiels, Alan, and J Fielding Hejtmancik. “Genetic origins of cataract.” Archives of
ophthalmology ~ (Chicago, Ill. : 1960)vol. 1252  (2007):  165-73.
doi:10.1001/archopht.125.2.165

Unal, Mustafa et al. “Polymorphisms of DNA repair genes XPD and XRCC1 and risk
of cataract development.” Experimental eye researchvol. 85,3 (2007): 328-34.
doi:10.1016/j.exer.2007.06.003.

Liu, Xiao-Cui et al. “Association between the 8-oxoguanine DNA glycosylase gene
Ser326Cys polymorphism and age-related cataract: a systematic review and meta-

580



17.

18.

19.

20.

21.

22.

Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833  VOL14, ISSUE7, 2023

analysis.” International ophthalmology vol. 38,4 (2018): 1451-1457.
doi:10.1007/s10792-017-0606-3

Dong, Y et al. “Correlation between MMP-2 gene polymorphism and cataract
susceptibility.” European review for medical and pharmacological sciences vol. 23,8
(2019): 3167-3172. doi:10.26355/eurrev_201904_17674

Jiang, Huaiyan et al. “Association between MMP-2 gene polymorphism and cataract
susceptibility: A protocol for systematic review and meta-analysis.” Medicine vol.
100,14 (2021): e25392.

Sen, S K et al. “Plasma Homocysteine, Folate and Vitamin B(12) levels in senile
cataract.” Indian journal of clinical biochemistry : 1IJCB vol. 23,3 (2008): 255-7.
d0i:10.1007/s12291-008-0057-8.

Tan, Ava Grace et al. “Serum homocysteine, vitamin B12, and folate, and the
prevalence and incidence of posterior subcapsular cataract.” Investigative
ophthalmology & visual science vol. 56,1 216-20. 18 Nov. 2014, doi:10.1167/iovs.14-
15531.

Tan, Ava Grace et al. “Associations Between Methylenetetrahydrofolate Reductase
Polymorphisms, Serum Homocysteine Levels, and Incident Cortical Cataract.” JAMA
ophthalmology vol. 134,5 (2016): 522-528. doi:10.1001/jamaophthalmol.2016.0167.
Wang, Xue-bin et al. “Associations of Polymorphisms in MTHFR Gene with the Risk
of Age-Related Cataract in Chinese Han Population: A Genotype-Phenotype
Analysis.” PloS one vol. 10,12 €0145581. 21 Dec. 2015,
doi:10.1371/journal.pone.0145581

581



