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Summary
The role of inflammation, hyperhomocysteinemia, germ-line genetic markers and epimutations
haven’t been understood completely in chronic renal failure (CRF). DNA methylation is a postreplicative modification mechanism that is strongly involved in the physiological control of
epimutations and gene expression. In the current study it was aimed to find out the possible role
of epigenetic alterations in renal failure due to functional MTHFR deficiency in CRF patients
requiring long-term haemodialysis. Current cohort includes 228 CRF patients and 212 healthy
individuals from same ethnicity. The MTHFR C677T SNP analysis was genotyped by real-time
PCR analysis. Genomic DNA fragmentation sizes were correlated for wild, heterozygous and
homozygous mutated CRF patients after methyl marker cognate enzyme of R.Msp1 digestion.
The digested DNA fragmentation profiles were also compared by Scion Image histogram plot
analysis. Increased T allele frequency was detected in CRF patients, the MTHFR 677TT
genotype was found 6.1% and the T allele frequency 2.53-fold increased in CRF when compared
with healthy individuals. Distinct global DNA methyl patterns that showed variable R.Msp1
fragmentations were also detected in current MTHFR gene mutated CRF patients. The current
results indicate that individuals with germ-line MTHFR C677T mutations have a risk for CRF
pathogenesis due to the reduced enzyme activity and global DNA hypomethylation that alters the
allelic expression of distinct systemic genes. Results needs to be confirmed by a larger scale of
sample size.
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cause to the global DNA hypomethylation due
to lack of the intracelular methyl sources and
initiates carcinogenesis and renal dysfuntion
process(20, 21) Two common polymorphic
SNPs were reported in exons 4 and 7 of
MTHFR gene; one is defined in codon 677
C<T and the other one is in codon 1298
A<C.The first C677T SNP that studied in the
current report, positioned in exon 4 leading to
an alanine to valine conversion(22). This
polymorphism lies in the C-terminal end of
the enzyme, the S-adenosylmethionine
regulatory domain, and may result in a
decrease of 40% in enzyme activity of the
variant
genotype.
Individuals
with
homozygous MTHFR TT genotype have 30%
and heterozygous carriers show 65% loss of
enzyme function(22). The TT genotype is also
associated with higher plasma homocysteine
and reduced plasma folate levels(23-24).
In the current case control study it was
aimed to find out the possible role of MTHFR
C677T SNP and epigenetic alterations due to
global DNA hypomethylation in CRF risk in
Turkish population

I. Introduction:
Epigenetics refers to a heritable changes in
genomic DNA methyl patterns and gene
expression without alterations in the primary
nucleotide sequence. Alterations in DNA
methylation patterns in randomly genes may
lead to abnormal cell function, pathological
conditions and tissue development (1-3).
Dialysis and chronic renal failure (CRF) has
become a serious health problem through the
worldwide. CRF is the common disease that
caused by a wide range of diseases such as;
diabetes mellitus, hypertension, primary
glomerulopathies
and
structural
point
mutations, epigenetic alterations (4-7). CRF
commonly associates with uremic toxins,
oxidative stress, inflammation, low folate
status and increased plasma levels of
homocysteine (Hcy), (8,9). The recent
literature findings have also showed that the
molecular ethiological parameters such as;
chromosomal rearrengements, point mutations,
gene polymorphisms, environmental factors,
lifestyles, and epigenetic alterations may
cause to the CRF(10-12). It has been claimed
that Cardiovascular problems are the main
reason of mortality in CRF patients (13).
Chronic cardiovascular problems such as;
hypertension,
hyperlipidemia,
hyperhomocystenemia and diabetes mellitus may
also cause to CRF progression(14-16).The
methylene tetrahydrofolate reductase enzyme
that encoded by MTHFR gene plays a crucial
role in the folate metabolism.Enzyme
catalyzes the irreversible reaction of 5,10methylene-tetrahydrofolate
to
5-methyl
tetrahydrofolate, which serves as a substrate
for the remethylation of homocysteine to
methionine, with the subsequent synthesis of S
adenosylmethionine(SAM),(17,18).
The substrate of MTHFR, 5,10-methylenetetrahydrofolate, is also required for thymidine
synthesis via thymidylate synthase, and
indirectly for purine biosynthesis(19).
Decreasing the MTHFR enzyme function may

II. Materials and Methods:
A. Study Cohort
Presented results show germ-line mutations
for MTHFR C677T SNP and R.Msp1
fragmentation profiles for high molecular weight
genomic DNAs of blood samples from CRF
patients that requiring long-term haemodialysis
and healthy controls from the same ethnicity. The
DNA bank from healthy individuals and CRF
patients that optained from our previous project
was retrospectively used in the genotyping and
epigenetically profiling of target gene in the
current study (Table 1), (25). Current cohort was
composed of 228 CRF patients [(123 male (54%)
and 105 female(46%)] of mean age 57.40±14.3(1875) and 212 healthy individuals[(152 male (62.0%)
and
93
female(38.0%)]
of
mean
age
57.24±9.71(32-68) from the same population.
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all genomic DNA samples were first digested
with a methylation-sensitive restriction enzyme
of R.Msp1 and fragmented DNAs were
compared by agarose gel electrophoresis based
Scion Image plot (USA) analysis technique.
Digestion mixture (20 μl) contained 5 μl
genomic DNA, 2 μl enzyme buffer for R.Msp1,
2 μl RNase (10 μl/ml), 0.1 μl R.Msp1 and 11.9
μl distilled water.The reaction mixture was
incubated at 37oC for 2 hours and digested
samples were run on 2% agarose gel in TBE
buffer at 90 W constant power for 1-1.5 h at
room temperature. Gels were stained with
ethidium bromide and evaluated at UV
supported fluorescence system (DNR, Minilumi
type, Germany). DNA methyl patterns were
monitored at different times after induction by
determining the susceptibility of the DNA to
R.Msp1 digestion. The agarose jel profiles of the
digested and unidigested DNA profiles were
also evaluated by Scion Image analysis. Scion
Image diagrams were compared for mutated and
wild CRF patients in the current results.

B. DNA Isolation and SNP Analysis
Peripheric blood samples containing EDTA
from patients and control group were used for
genomic DNA isolation. The total genomic
DNA was extracted by the MagnaPure Compact
(Roche) and Invitek kit extraction techniques
(Invitek®; Invisorb spin blood, Berlin,
Germany). Polymorphic C677T SNP for
MTHFR gene was genotyped in a total of 228
CRF patients and 212 healthy control
individuals. Raal-Time PCR technique was used
for that target SNP genotyping. The PCR mix
and conditions were; Roche Fast Start Master
mix (water PCR-grade, Mg+2 stock solution,
Primer mix, and HybProbe mix), and DNA
template were used for real-time amplification.
The multiple PCR consisted of a denaturation
step of 10 min at 950C, followed by 45 cycles of
5 s at 950C,10 s at 550C, and 15 s at 72 0C, and a
melting step of 20 s at 950C, 20 s at 400C, a
continuous mode at 850C, a cooling step of 30 s
at 400C.A software program (LightCycler 2.0,
Roche) was used for the detection of MTHFR
C677T mutation profiles that detected in the
current cohort. The MTHFR C677T analysis was
observed in channels 640 for all profiles, the
630C wild melting curves were evaluated as wild
and the 54.50C melting curves were evaluated as
mutated profiles as recommended.

F. Statistical Analysis
Association analyses based on binary logistic
regression were conducted to determine the odds
ratio (OR) and its 95% confidence interval
(95%CI) for target mutated MTHFR SNP,
genotypes and allele frequencies. Statistical
analysis was performed using SPSS version 16
(SPSS, Chicago, IL, USA). A value of P<0.05 was
considered as statistically significant and mutated
T allele frequency was discussed in the current
report.

C. Methyl - Sensitive Restriction
Enzyme
Assay
and
DNA
Gel
Electrophoresis
DNA methylation patterns can be detected by
using several methods, including sodium
bisulfite sequencing and restriction digestion
using
methylation-sensitive
endonucleases
(methyl marker enzymes) such as R.Msp1,
HpaII and HhaI. The aim of this study was to
determine the individual digestion patterns of
whole-blood DNA in non-mutated (wild) and
mutated CRF patients. The methyl sensitive
enzyme R.Msp1 (enzyme could not digest the
DNA in the presence of 5-methylcytosine –
5mC instead of cytosine in CpG dinucleotides)
was used in the current study. In this technique,

III. Results
Some patient demographics such as;
hypertension, diabetes, atherosclerosis and
polycistic kidney were found in 45/18.6%,
42/17.4%, 33/13.6%, and 15/6.2% for the
current CRF cohort respectively. Twenty-eight
patients (11.2%) have parental consanguinity
and 6 patients (2.5%) have familial FMF
history in the current CRF cohort. No apperant
demographic findings were detected in ninety
(37.2%) patients of current CRF cohort
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(Table 1).
Presented results show germ-line C677T
SNP polymorphism in MTHFR gene and
variable genomic methylation patterns of
whole-blood DNA that digested by methyl
modifying enzyme R.Msp1 in CRF patients
and healthy controls from the same ethnicity
of Sivas population (Tukey). The current
results from two hundred twenty- eight CRF
patients that requiring long term hemodialysis
and two hundred eleven healthy individuals
with no history of CRF and nor family history
of renal disease were compared in the current
article. The germ-line T allele frequency of
MTHFR 677 C>T SNP has been shown to be a
risk factor for the current CRF cohort from
Turkish population (Table 2), (Figure 1).

2: R.Msp1 digested genomic DNA from non-mutated (wild)
patient
3: Moderate type fragmented DNA from
heterozygous mutated patient.
4:Showed increased fragmentations. High molecular
weight genomic DNA from homozygous mutated patient
showed distinct fragmentation than the wild and
heterozygous mutated patients.

The distribution of genotype frequencies
of the studied polymorphism between the
patients with CRF and control groups was in
Hardy–Weinberg equilibrium. The prevalence
of genotypes of MTHFR gene C677T SNP in
patients with CRF (50.0% for CC, 43,9% for
CT and 6,1% for TT respectively) was higher
than the control group (73.0% for CC, 27.0%
for CT and 0.0% for TT respectively), (Table
2). The T allele frequency was 0.281 for CRF
patients and 0.130 for health individuals in the
current results. MTHFR 677TT (homozygous)
genotype was found 6.14% and T allele
frequency 2.53-fold increased in CRF when
compared to the control group form the same
population. This difference was statistically
significant when compared to the control
group (Table 2), (OR: 2.513, CI: 1.778-3.551),
p<0.0001.
For establishing the posible role of
epigenetic gene regulation in the CRF
pathogenesis; the high molecular weight
genomic DNA was digested with R.Msp1 and
compared to the wild, heterozygous and
homozygous mutated CRF patients. Digested
genomic
DNAs
showed
variable
fragmentation profiles in both 2% agarose
(Figure 2) and scoin images plot analyses
(Figure 3) in mutated and non mutated CRF
patiens. The R.Msp1 digested high molecular
weigth DNA shows variable fregmantation
profiles and increased fragmented DNA was
detected in homozygous mutated patients.
Distinct fragmentations were detected (normal,
moderate and high fragmentation) in wild,
heterozygous and homozygous mutated in the
current CRF patients when digested with
methyl marker enzyme R.Msp1. There is no
fragmentation in un-digested DNA and intact

Figure 1. The 2% of agarose gel runs of R.Msp1 digested and
undigested genomic DNA from CRF patients. Variable DNA
fragmentations was detected in CRF patients with wild and
mutated profiles for MTHFR gene after R.Msp1 digestion.
Lanes
M:GeneRuler Express DNA Ladder, 100 bps
1: Uncut DNA, no fragmentation
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genomic DNA was in normal apperance
(∼22000bps), (Figure 2, Lane 1).
Genomic DNA from wild patients for
C677T SNP in MTHFR gene was in normal
fragmentation profile, (Figure 2, Lane 2) and
DNA from heterozygous patients were
moderate (Figure 2, Lane 3) and patients with
homozygous profile showed different
fragmentation profile in the agarose gel runs
(Figure 2, Lane 4). The R.Msp1 digested
genomic DNAs were also compared by scoin
image plot analysis technique. Figure 3 shows
the plot analysis of digested/non-digested and
patients with mutated/non-mutated MTHFR
gene profiles.
Variable fragmentations were also
detected in the scion image plot analysis;

while the undigested genomic DNA
showed similar profiles for both groups (CRF
patients and controls), (∼ 22000bps), (Figure
3, Lane A) the digested high molecular weight
DNA showed different fragmentation profiles
for CRF patients with wild, heterozygous and
homozygous mutated MTHFR gene. Digested
genomic DNAs showed unique accumulation
profiles between ∼22000-400bps (Figure 3,
Lane B) for wild, modarate fragmentation of
600-250bps for heterozygous mutated (Figure
3, Lane C) and high fragmentation of 350150bps for homozygous mutated CRF patients
(Figure 3, Lane D).

Table 1. Some demographics such as; age, gender and ethnicity of the current CRF patients and healthy
controls.

Table 2. The genotypes, allel frequency and odd ratios of MTHFR C677T SNP in current CRF patients and
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healthy controls.
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Figure 2. Shows the Scoin Image Plot analysis of high molecular weight genomic DNA from wild and mutated
CRF patients.
Lanes
M: GeneRuler Express DNA Ladder, 100 bps
A: Uncut high moleculer weight genomic DNA, no fragmentation
B: R.Msp1 digested fragment DNA from CRF patient with wild profile for MTHFR gene. Normal fragmentation
profiles (between 22000-400bps).
C: R.Msp1 digested fragment DNA from CRF patient with heterozygous mutated profile for MTHFR gene.
DNA showed moderate type fragmentation profiles and fragmentations were acumulated between 600-250 bps.
D: R.Msp1 digested fragment DNA from CRF patient with homozygous mutated for MTHFR gene. High
fragmentation profiles than other patients were detected and fragmented DNAs were acumulated between 350-150
bps.
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Figure 3. Melting peaks of RealTime-PCR show wild(A) homozygous (B) and heterozygous(C) mutated profiles of
MTHFR C677T SNP for the presented CRF patients

Figure 4.Hypothetically presentation of external and/or epigenetical ethyolological parameters such as; MTHFR
polimorphism, low methyl sources and high risk conditions that caused to epimutations, DNA hypomethylation,
randomly gene reactivation and variable miRNA expression that could play crucial role in the pathogenesis of CRF
and renal diseases
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fibrogenesis (29). The epigenetic alterations
by genomic DNA hypomethylation, histon
protein asetilation are associated with miRNA
variation,
cardiovascular
disease,
inflammation hypertension, fibrosis, heart
failure, renal fibrosis, kidney failure, and endorgan damage(30). MTHFR gene encodes a
protein that plays a key role in folate
metabolism and methyl source in eukaryotic
cells that essential for epigenetic gene
regulation. The different results regarding the
effects of MTHFR C677T polymorphism on
CRF risk can be ascribed to the differences in
racial origin of the population, the lifestyle,
and the pattern of diet, mehyl sources and
folat methabolism in distinct populations
and/or sub-populations.
Here we report the hypomethylated global
whole-blood DNA in CRF patients that
requering lon-term hemodialysis. Presented
cohort includes 228 CRF patients and 212
healthy individuals from the same ethnicity.
The MTHFR C677T SNP was genotyped by
real-time PCR and the genomic DNA
fragmentation sizes were correlated for wild,
heterozygous and homozygous mutated CRF
patients after methyl marker cognate enzyme
of R.Msp1 digestion. Increased T allele
frequency was detected in CRF patients when
compared to the health individuals in the
current results. The T allele frequency 2.53fold increased in CRF when compared with
control group. Since the MTHFR is an
important enzyme involved in folate
metabolism, in this study, we examined
whether polymorphism and haplotype of
MTHFR C677T is correlated with the risk for
CRF in the presented results. Variable R.Msp1
fragmentation profiles due to DNA
hypomethylation were detected in CRF
patients with mutated and non-mutated
MTHFR gene. The current results showed that
the mutated individuals with germ-line
MTHFR C677T have a risk for CRF
pathogenesis due to the reduced enzyme

IV. Discussion
It is well known that the disruption and
alteration of genomic methylation patterns in
eukaryotic cells is a hallmark of tissuespecific gene expression, transposable element
repression,
genomic
imprinting,
X
chromosome inactivation, cancer and some
other chronic diseases in human. As asserted
by same authors CRF is a disease that is
caused by a wide range of parameters such as
diabetes,
hypertension,
primary
glomerulopathies and commonly associates
with uremic toxins, oxidative stress,
inflammation, low folate status and levels of
homocysteine. Moreover, several molecular
parameters
such
as;
chromosomal
rearrengements, point mutations, gene
polymorphisms,
environmental
factors,
lifestyles, and epigenetic alterations may
contribute to cause the CFR.The role of
inflammation,
hyperhomocysteinemia,
familial genetic markers and epimutations
remains incompletely understood in CRF
ethiopathology. As claimed by Satta et al.,
Hcy is toxic for the endothelium, it may
enhances vascular smooth muscle cell
proliferation, increases platelet aggregation
and fibrinolysis that progresses to ESRD (8).
Some researchers were indicated that
homocysteine levels are significantly elevated
at a relatively early stage of CRF patients (14).
As claimed by Deltas et al., the familial
hematuric diseases are a genetically
heterogeneous group of monogenic conditions,
caused by mutations in one of several genes
(26). Bomsztyk et al.,have also claimed that
epigenetics represents a new paradigm for
understanding of pathophysiology, serves the
valuable guiding development of new
diagnostic tools and alternative therapies in
acute kidney disease (27, 28). As claimed by
Zeisberg et al., the aberrant hypo and/or
hypermethylation of some target genes plays
an important role in facilitating fibrotic
fibroblast activation and in driving
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activity and global DNA hypomethylation. It
is possible to hypothesis that the redused
enzyme activity alters the allelic expression of
distinct systemic genes due to disruption and
alteration of genomic methylation patterns in
mutated patients.
Recent studies provide evidence that genetic
polymorphisms in MTHFR gene and
epigenetic variations that contributed by that
polymorphism may determine the individual
susceptibility of patients to develop chronic
progressive kidney disease as postulated in the
current results. Some epigenetical biomarkers
were reported by Sapienza et al., (4) for
chronic kidney disease progression. External
high risk conditions such as; oxidative stress,
inflammation,
immune
dysfunction,
hyperhomocysteinemia, infections and uremic
toxins may induce epimutations and /or
unexpected gene reactivations – increase
miRNA expression by DNA hypomethylation
in CRF (Figure 4). Aberrant DNA methylation
may cause to the variable RNA interference
(iRNA) in some pathological tissues.
MicroRNAs are critical in the maintenance of
glomerular homeostasis and hence RNA
interference may be important in the
progression of renal disease (2).The kidney
function was recovered by epigenetically
based clinical therapy for re-methylation of
TGF-beta1 promoter gene in Wistar rats with
CRF(9).
In recent years, the MTHFR gene has been
emerged more and more attention by some
researchers. MTHFR can regulate DNA
methylation, maintain the integrity and
stability of DNA, modify chromosomes, as
well as influence the development of
mutations, and its polymorphisms have been
believed to be associated with DNA
hypomethylation, gene reactivation variable
miRNA expression and other epigenetics
alterations by low methyl sources and
randomly gene reactivation. It is well known
that, many parameters such as; oncogenes,

epigenetic alterations in tumour suppressor
genes, viruses and many other intrinsic and/or
extrinsic environmental factors may directly
play crucial role in CRF progression. The
current results with some of previous literature
findings have pointed out the importance of
the functional gene mediated CRF progression.
Presented results indicate that MTHFR 677TT
homozygous individuals are more likely to
develop CRF than those with wild-type
genotype. In this study of germ-line
homogenous MTHFR TT individuals had
2.53-fold increased risk of developing CRF
due to the increased T allele frequency when
compared to the control group from the same
population. This difference was statistically
significant (OR: 2.513, CI: 1.778-3.551),
p<0.0001, (Table 2).

V. Conclusion
Current results suggest evidence that the
global DNA hypomethylation plays crucial
role in the pathogenesis of CRF. Results also
suggest that the MTHFR C677T SNP indicates
susceptibility to CRF and germ-line
homozygous mutated individuals has an
additional risk factor for renal failure. It is also
possible to assumed that both genetics and
epigenetics may be helpful in the discussion
and understanding of CRF pathogenesis.
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