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Abstract

Objectives: Type 2 diabetes mellitus is a major risk factor for aortic calcifications and cardiovascular diseases.
Gamma-carboxyglutamic acid (G-7A) protein has a significant role in control of the process of calcification. The
purpose of this study was to investigate the role of G-7A and T-138C gene polymorphisms in development of
aortic calcification and cardiovascular disease in patients with type 2 diabetes mellitus.

Material and Methods: The study included 120 patients with type 2 diabetes mellitus and 134 control group. G-
7A and T-138C gene polymorphisms were identified using polymerase chain reaction and followed by restriction
fragment length polymorphism methods.

Results: The G-7A genotype distribution in patients with type 2 diabetes mellitus AA=10.8%, GA=41.7% and
GG=47.5% did not significantly differ from those in control group AA=15.7%, GA=48.5% and GG=35.8%
(P=0.146). The T-138C genotype distribution in patients with type 2 diabetes mellitus CC=8.4%, CT=40.8% and
TT=50.8% were also not significantly different from those in control group CC=3.7%, CT=39.6% and
TT=56.7% (P=0.259). On the other hand; age, fasting blood glucose, cholesterol, high density lipoprotein
cholesterol and low density lipoprotein cholesterol as expected were significantly differed between the patient-
control groups (p<0.05).

Conclusion: This patient-control study shown that G-7A and T-138C gene polymorphisms of gamma-

carboxyglutamic acid protein are not genetic risk factors for type 2 diabetes mellitus
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Introduction

Diabetes mellitus is an important health
problem due to the illness itself and its life threatening
complications. Type 2 diabetes mellitus is a disease
characterized by insulin resistance and cell failure
leading to elevated blood glucose levels (1). Aortic
calcifications and cardiovascular diseases (CVD) are
an important factor in the pathophysiology of type 2
diabetes mellitus (2).

In various tissues, tissue calcification is
expected to be high due to high extracellular fluid
concentrations of calcium and phosphate ions (3).
Gamma-carboxyglutamic acid protein (MGP), which
is vitamin K dependent calcium/phosphate binder
protein and as the first protein known to act as a
calcification inhibitor in vivo, takes control of the
process of calcification (4, 5). The human MGP gene
is located on the short arm of chromosome 12 and
comprises 5 exons (12p12.3). This gene has 4
transcripts. We were taken as a reference MGP-004 in
our study. (Transcript ID: ENST00000228938).

(http://www.ensembl.org/Homo_sapiens/Tra
nscript/Summary?db=core;g=ENSG00000111341;r=1
2:14881181-14885926;t=ENST00000228938).

In vitro studies suggest that the gene
encoding MGP has several single nucleotide
polymorphisms (SNPs) in its promoter and coding
regions (5). We selected two common SNPs on the
MGP gene promoter
G-7A (http://www.ncbi.nlm.nih.gov/projects/
SNP/snp_ref.cgi?rs=1800801)
and
T-138C (http://www.ncbi.nlm.nih.gov/projects/
SNP/snp_ref.cgi?rs=1800802).

G-7A gene polymorphism, located in the
promoter region of the MGP gene and characterized
by replacing of guanine with adenine (G/A). T-138C
gene polymorphism, has located in the promoter
region of the MGP gene which is characterized by
replacing of the thymine/cytosine (T/C). Various
environmental and genetic risk factors have been
considered to contribute in increasing the effects of
these  polymorphisms such as  geographic,
socioeconomic and racial features. In some studies,
MGP gene polymorphisms were shown to be
associated with arterial calcification or with CVD,
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while in others, no association between MGP gene
polymorphisms and arterial calcification or with CVD
were found (6,7).

The purpose of this study was to investigate
G-7A and T-138C gene polymorphisms of gamma-
carboxyglutamic acid protein in patients with type 2
diabetes mellitus and the possible role of these genes
in the development of aortic calcification and CVD.

Material and method

The study included 120 patients with type 2
diabetes mellitus (55,8% men and 44,2% women) and
134 control group (45,5% men and 54,5% women).
The mean age of the patients were (62.76+11.15) and
the mean age of the control group were (51.
10£10.78), respectively. Patients who had been
diagnosed with type 2 diabetes mellitus were included
to the y. In the control group type 2 diabetes mellitus,
ischemic heart disease (IHD), peripheral arterial
disease (PAD), stroke and any chronic illness patients
were not included in this study. All participants gave
informed consent that was approved by the local
ethics committee.

DNA isolation

Deoxyribonucleic acid (DNA) was isolated
from peripheral blood, containing ethylene-diamine
tetra-acetic acid (EDTA) as an anticoagulant, by
e.ZN.A. (EaZy Nucleic Acid Isolation) blood DNA
kits (BOGA, Istanbul, Turkey). DNA purity and
quality were assessed by absorbance wvalues in
spectrophotometer (Shimadzu UV-1208). The ratio of
optical density (O.D.) at 260 nm to O.D. at 280 nm
was found about 1.8 for all samples. DNA bands were
observed by ethidium bromide-stained 0.8 % agarose
gel electrophoresis (Figure 1).

Figure 1. The ethidium-bromide stained 0.8% agarose gel of
representative DNA samples.

Genotyping of MGP G-7A gene polymorphism

To determine the MGP G-7A gene
polymorphism of the Type 2 diabetic and the control
groups, a genomic DNA fragment on promoter region
of the MGP gene was amplified by polymerase chain
reaction (PCR) in a 25ul PCR reaction mixture
containing 100 ng of DNA, dNTP (0.2 mM of each),

upstream 5’-
CTAGTTCAGTGCCAACCCTTCCCCACC-3’ and
downstream 5’-

TAGCAGCAGTAGGGAGAGAGGCTCCCA-3’
primers (3,5 pmol), 1XTaq Buffer (10 mM Tris-HCI,
pH 8.3, 50 mM KCL), 2 mM MgCI2 and 1.25 U of
Taq DNA polymerase (Fermentas Life Sciences).

Amplification were performed with 3 minute
of denaturation at 94°C, followed by 30 cycles with
denaturation for 30 second at 94°C, annealing for 1
minute at 64°C, and extension for 1 minute at 72°C,
followed by 5 minute of extension at 72°C (8). The
PCR products were electrophoresed in 2 % agarose
gels, and visualized under UV light Trans-illumination
(ETX-F26.M) by ethidium bromide staining. 5 pl of
PCR product were digested with 5U of the restriction
enzyme Ncol in 1XM Buffer (10 mM Tris-HCl pH
7.5, 10 mM MgCI2, 1 mM Dithiothreitol and 50 mM
NaCl) for 3 hours at 37°C. The restriction digest
products were visualized by UV light trans-
illumination (ETX-F26.M) after electrophoresis on a
3 9% agarose gel and ethidium bromide staining
(Figure 2).
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Figure 2. Ethidium bromide stained 3% agarose gel of
representative PCR digested products of G-7A gene
polymorphism shows the AA genotype (lane 1), the
GA (lane 6, 7) and the GG genotype (lane 2, 3, 4 and
5); lane 100 bp is a size marker.

Genotyping of MGP T-138C gene polymorphism

MGP T-138C gene polymorphism was
identified with PCR and followed by restriction
fragment length polymorphism (RFLP) with the
restriction enzyme BsrSI. 25ul PCR reaction mixture
containing 200 ng, dNTP (0.2 mM of each), upstream
5’-AAGCATACGATGGCCAAAACTTCTGCA-3’
and downstream 5’-
GAACTAGCATTGGAACTTTTCCCAACC-3’
primers (3 pmol), 1XTaq Buffer (75 mM Tris-HCI pH
8.8, 20 mM (NH4)2S04, 0.01% Tween 20), 2.5 mM
MgCl2 and 1.25 U of Taq DNA polymerase.

Amplification ~ were  performed  with
denaturation for 3 minute at 94°C, followed by 30
cycles with denaturation for 30 second at 94°C,
annealing for 1 minute at 57°C, and extension for 1
minute at 72°C, followed by 5 minute of extension at
72°C (8). The PCR products were electrophoresed in
2 % agarose gel, and visualized under UV light trans-
illumination (ETX-F26.M) by ethidium bromide
staining. 5 ul of PCR product were digested with 5U
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of the restriction enzyme BsrSI in 1XM Buffer (10
mM Tris-HCl pH 7.5, 10 mM MgCl2, 1 mM
Dithiothreitol and 50 mM NaCl) for 3 hours at 65°C.
When mutant allele (Thymine), digested with BsrSI
that yield two fragments 118 bp and 24 bp, whereas a
wild allele (Cytosine) at nucleotide position 138, had
no cutting site for BsrSI, so that the 142 bp PCR
product was not cleaved into 118 bp and 24 bp
fragments (8). The restriction digest products were
electrophoresed in 3 % agarose gel, and visualized
under UV light trans-illumination (ETX-F26.M) by
ethidium bromide staining (Figure 3).

100bg

Figure 3. Ethidium bromide-stained 3% agarose gel of
representative  PCR digested products of T-138C gene
polymorphism shows the TT genotype (118 bp and 24 bp
lane 4,5), the CC genotype (142 bp,lane 2) and the CT
genotype (142 bp, 118 bp and 24 bp, lane 1,3 and 6); lane
100 bp is a size marker.

Statistical Analyses

Genotype distribution of G-7A and T-138C of Type 2
diabetic patients and control groups were evaluated by
Chi-square test (x2 test). Age, fasting blood glucose
(FBQ), triglyceride (TG), cholesterol, high density
lipoprotein  cholesterol (HDL-C), low density
lipoprotein cholesterol (LDL-C), systolic blood
pressure (SBP) and diastolic blood pressure (DBP)
were examined by independent student’s t-test. The all
values are represented as mean + standard deviation
(SD). Significance was defined as p<0.05

Results

Age, FBG, TG, cholesterol, HDL-C, LDL-C,
SBP and DBP of 120 patients with type 2 diabetes
mellitus and 134 controls are presented in Table 1. No
significant differences were detected between type 2
diabetes mellitus and control groups for TG, SBP,
DBP (p>0.05). On the other hand, age, FBG,
cholesterol, HDL-C and LDL-C as expected were
significantly differed between the patient-control
groups (p<0.05).

Table 1. The clinical characteristics of control and type 2
diabetes mellitus groups

Control Type 2 DM

Group Group P

(n=134) (n=120)
Mean Age (Year) 51.1+11 62.8+11 0.001
FBG (mg/dl) 98.5+12 169,4+64 0.001
TG (mg/dl) 147.4491 148.2+103 ns
CH (mg/dl) 210.9+43 179.8+52 0.001
HDL- C (mg/dl) 41.2+11 33.8+18 0.001
LDL- C (mg/dl) 130.4+33 115.7+42 0.001
SBP (mmHg) 123.4+14 125.74£23 ns
DBP (mmHg) 76.5+11 76.1+13 ns

DM; Diabetes Mellitus NS; not significant, FBG; Fasting
blood glucose, TG; Triglyceride; CH; Cholesterol, HDL-
C; High density lipoprotein cholesterol, LDL-C; Low
density lipoprotein cholesterol, SBP; Systolic blood
pressure, DBP; Diastolic blood pressure

Genotype frequencies for the G-7A gene
polymorphism are presented in Table 2. The overall
frequencies of the genotypes AA, GA and GG in type
2 diabetes mellitus group were not significantly differ
from those in control group (p=0.146).

Table 2. Genotype frequencies for the G-7A gene of type 2
diabetes mellitus and control groups.

Group
Patient Control Total P
(n=120) (n=134)
AA 13 21 34
(% 10.8) (% 15.7) (% 13.4)
GA 50 65 115
(% 41.7) (% 48.5) (% 45.3) 0.146
GG 57 48 105
(% 47.5) (% 35.8) (% 41.3)
Total 120 134 254
(% 100.0) (% 100.0) (% 100.0)

Genotype frequencies for the T-138C gene
polymorphism are presented in Table 3. No
differences were detected in alleles (C or T) frequency
between type 2 diabetes mellitus and control groups
Our findings, in this patient-control study populating,
indicate that the G-7A and the T-138C gene
polymorphisms were not genetic risk factors for type 2
diabetes mellitus

Table 3. Genotype frequencies for the T-138C gene of type
2 diabetes mellitus and control groups

Group
Patient Control Total P
(n=120) (n=134)
CC 10 5 15
(% 8.4) (% 3.7) (% 5.9)
CT 49 53 102
(% 40.8) (% 39.6) (% 40.2)  0.259
TT 61 76 137
(% 50.8) (% 56.7) (% 53.9)
Total 120 134 254
(% 100.0) (% 100.0) (% 100.0)
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Discussion

Type 2 diabetes mellitus is characterized by
two discrete pathophysiological defects: impaired
pancreatic B-cell function, and insulin resistance in
muscle, fat and liver. The prevalence of type 2
diabetes mellitus is increasing dramatically in the
world (9). CVD is by far the most common and
serious complication of type 2 diabetes mellitus.
Increased inflammatory response as lead to insulin
resistance and endothelial dysfunction contributes to
cardiovascular complications (10).

Individuals with type 2 diabetes mellitus are
at least twice as likely to have coronary artery disease
compared to non-diabetic individuals, and CVD
accounts for 80 % of mortality in type 2 diabetes
mellitus patients (11). Increased vascular calcification
is associated with an increased risk of cardiovascular
events. Type 2 diabetes mellitus is a significant
independent risk factor for increased vascular
calcification (12). MGP, which is Vitamin K
dependent protein that is expressed by smooth muscle
cells, fibroblasts, chondrocytes and endothelial cells in
a variety of tissues, plays a role in bone metabolism
and vascular calcification (13, 14). Several studies
identified various candidate genes involved in
vascular calcification. MGP plays a key role in the
preventing of vascular deposition of the calcium in the
matrix (4, 5, 15).

Many researchers investigated the
relationship of vascular calcification and the common
gene polymorphisms of the MGP. Two of the most
intensively investigated genetic polymorphisms are
the G-7A and the T-138C gene polymorphisms. The
frequency of the G-7A and the T-138C genotypes and
their possible associations with the risk of vascular
calcification has been investigated in different
populations. Studies of the association of G-7A and
the T-138C gene polymorphisms with vascular
calcification reported both positive (16) and negative
(7) results.

In Ukrainian population, the allelic AA
promoter variant of MGP G-7A polymorphism was
associated with acute coronary syndrome in males but
not in females. However, there was not found any
relationship between the T-138C gene polymorphisms
with acute coronary syndrome (17). Ataman et al.
showed an association for G-7A polymorphism in
Ukraine’s population. However, they reported that
other polymorphic sites such as T-138C do not relate
to ischemic stroke (18).

Afshin et al. discovered that the MGP gene
starts with the T-138C polymorphism which
influences gene expression level, CC genotype MGP
showing the highest levels in blood serum followed by
CT and TT. The C genotype (CT+CC) tended to show
a higher calcification factor than the TT genotype (8).

In another study, associations between MGP
single nucleotide polymorphisms and coronary artery
calcification in older men and women of European
descent from Massachusetts (USA) were examined.

Various methods of analysis revealed that in men,
homozygous carriers of the minor allele of G-7A, T-
138C  and Thr83—Ala polymorphisms were
associated with a decreased level of coronary artery
calcification relative to major allele carriers. This
association was not found in women. In addition,
genetic variation in MGP was shown to associate with
serum MGP concentrations, but there were no
association between serum MGP levels and coronary
artery calcification (19).

In conclusion, our data do not support any
association between G-7A and T-138C gene
polymorphisms and type 2 diabetes mellitus disease in
this case-control study and is not a determinant for
cardiovascular risk factors or complications associated
with type 2 diabetes mellitus.

Conclusion

The determination of the decline in the
severity of ED in overall and the complete
improvement of ED in some patients after CABS
revealed that CABS had positive impacts on EF in
patients with CAD. Furthermore, the demonstration of
a significant improvement in the majority of
subgroups of SF in IIEF questionnaire was concluded
that CABS had also an encompassing positive impact
on almost all domains of sexual function in patients
with CAD. On the other hand, the analysis of possible
influences of the comorbidities on the impact of
CABS on sexual function showed that while the
lonely presence of diabetes mellitus did not
significantly affected the impact of CABS on sexual
function, the sexual function most improved in both
diabetic and hypertensive cases after CABS. We
supposed that these results need to be confirmed by
prospective and randomized trials in greater series.
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