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Abstract

Diabetes mellitus (DM) is a metabolic disorder specified by persistent hyperglycemia that occurs when
B-cell insulin production became unable to control blood glucose with deterioration of response for insulin. The
consequent development of DM complications with increased risk for many diseases caused by damaged variety
of biological systems, including blood vessels, eyes, kidneys, heart, and nerves. Carnosine level in human serum
is affected by several enzymes like carnosine synthase-1 (responsible of carnosine synthesis),thus any genetic
polymorphisms in these enzymes could have an impact on enzymes levels and therefore serum carnosine level
with consequent increased risk for many diseases.

This study was aimed to estimate the occurrence of Carnosine synthase-1 single nucleotide
polymorphism (rs 1790733) on chromosom11 (intron —variant) in Iraqgi type 2 diabetics with and without cardio
vascular diseases and its correlation with serum levels of carnosine & carnosine synthase-1 and their association
with CVD as T2DM complication.

To achieve this aim Enzyme Linked Immunosorbent Assay (ELISA) specific kits were used to estimate
serum levels of carnosine & carnosine synthase-1. High resolution melt techniqgue (HRM) was applied for
detecting gene polymorphism of carnosine synthase-1 gene (ATPGD1).

The results showed that gene polymorphism of SNP (rs1790733) increased the chance of CVD in T2DM
patients by 84.5% by its effect to decrease the mean of serum levels of carnosine by decreased carnosine
synthase-1 level that may correlate with the development of CVD in T2DM patients.

Key words: Carnosine ,Carnosine synthase -1, gene polymorphism, T2DM.
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Introduction

Diabetes mellitus (DM) is a metabolic
disorder specified characterize by persistent
hyperglycemia as a result of reduction of B-cell
insulin production and/ or insulin resistance usually
with deterioration of response to insulin. The
diabetic complications occurs due to increased risk
for several diseases induced as a result of damaged
to a variety of biological systems, including blood
vessels, eyes, kidneys, heart, and nerves 423, Type
2 diabetes mellitus (T2DM) is significantly the more
frequent type of DM , doubles or quadruples the risk
of death from cardiovascular disease or stroke and,
it is associated with both micro- and macrovascular
complications, due to accelerated atherosclerosis
predisposing to severe peripheral vascular
diseases™®). Many factors are known to promote the
development of endothelial dysfunction underlying
cardiovascular diseases such as :
hypercholesterolemia, diabetes mellitus, metabolic
syndrome, hypertension, aging ( accumulation of
advanced glycation end products), oxidative stress,
proinflammatory cytokines ©.

Carnosine is a natural dipeptide (B-alanyl-
L-histidine) expressed in both the central nervous
system as well as the periphery in both vertebrate
and invertebrate organisms .Also it’s found in
several tissues most notably in muscle as
appreciable fraction of the total water-soluble
nitrogen-containing compounds®.  Carnosine is
synthesized starting from its component amino acids
B-alanine and L-histidine via the activity of the
ATP-dependent enzyme carnosine synthetase-1, the
origins of the two amino acids forming carnosine are
very different. The non-proteinogenic amino acid p-
alanine is synthesized by the liver, primarily via
uracil and thymine degradation ,while L-histidine, a
proteinogenic  essential amino acid, is not
synthesized de novo in human beings and must thus
be ingested by food®. Carnosine is synthesized by a
cytosolic amino acid ligase, carnosine synthase-1
(CARNS1; also known as ATP-grasp domain—
containing protein 1, ATPGD1; EC 6.3.2.11), in the
presence of GABA (i.e. in the central nervous
system), @10, Several biological and physiological
functions have been attributed to carnosine,
including:  anti-inflammatory and antioxidant,
antiglycating activities, and as a modulator of
mitochondrial metabolism. Hence, this dipeptide
can be used to prevent and treat diseases such as
diabetes, neurodegenerative diseases, diseases of the
sense organs and cancers. It may also cure or
alleviate many other disorders because of its wide
spectrum of activities 1,

Carnosine may also improve exercise
performance and vasodilator response, thereby
protecting from ischemic tissue injury, it may have
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arole as an adjunct treatment for peripheral vascular
disease alongside typical exercise and surgical
interventions, thus can be used in high risk
individuals to prevent atherogenesis®?. Besides
carnosine functional properties that are specific to
muscle and exciTable tissues to act as a quencher for
Advanced Glycation Endproducts and ALE
(Advanced Lipid peroxidation Endproducts
(AGE/ALE) precursors Reactive Carbonyl Species
(RCS), which are highly reactive aldehydes derived
from oxidative and non-oxidative modifications of
sugars and lipids. Consistently, carnosine was found
to be effective in several disease models in which
glyco/lipoxidation plays a central pathogenic
role®®.Other studies have shown an anti-diabetic
effect of carnosine supplementation and an
endogenous antioxidant is documented to accelerate
healing of wounds and ulcers by increased
expression of growth factors and cytokines genes
involved in wound healing. In vitro studies with
human dermal fibroblasts and microvascular-
endothelial cells had shown that carnosine increases
cell viability in presence of high glucose, such
effects and others are depending on its role as an
antioxidant and a precursor for histamine synthesis,
which provide evidence for a possible therapeutic
use of carnosine in diabetic wound healing®4%9,
Therefore , evidences indicated that carnosine has
roles in treatment and protection against many
diseases like Alzheimer, Parkinsonism, neuropathy,
nephropathy and also it can alleviate aging-related
vascular diseases, such as atherosclerosis and related
complications in type 2 diabetes, in other words
carnosine  may  prevent development of
cardiovascular  disease linked to vascular
calcification, including atherosclerosis, diabetes,
and chronic renal failure (61 Some genetic
polymorphisms  specially  single  nucleotide
polymorphisms (SNPs) may lead to diseases like
Rheumatoid Arthritis (RA),nephrotic syndrome,
decreased response to treatment (819 Whereas,
genetic polymorphisms related to enzymes that
affects serum levels of related proteins like
carnosine synthase-1 and carnosine level could lead
to increased risk of many diseases as well as the
related complications like in case of T2DM®?. In
this research the Single Nucleotide
Polymorphisms(SNPs) , which are related to one of
the enzymes that are related to carnosine metabolism
, specifically carnosine synthase-1 (ATPGD1); was
studied to investigate their possible relation to
development of CVD in type2 diabetics.
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Subjects and Methods

This is a case-controlled study was
conducted as a multicenter study in Baghdad/Iraq,
Including The national center for Diabetic Research
and Ibn Al-Bitar Center for Cardiac Surgery, during
the period from April /2022 till October /2022.
An overall 150 Iraqi adult subjects of both genders
were enrolled in the study, with age range of (35 -
65 years), were divided into three groups. Type 2
diabetic patients were already on oral antidiabetic
treatment. The diabetic patients 4°? were diagnosed
by specialized physician (at least 5 years ago) ,based

Table 1. Descriptive data for participants in the study
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on the American Diabetes association (ADA)
criteria @ | the First group :included T2DM
patients without complications , second group
sincluded T2DM patients with cardiovascular
complications(angina , or myocardial infarction, or
stroke),with ECG based diagnosis ,supported by
information from their medical records and family
history of cardiovascular diseases (CVD)®?.

In addition to fifty apparently healthy
subjects in the third group to serve as controls
(Table -1). Subjects having chronic kidney or liver
disease were not included, nor those with
autoimmune disease nor vegetarian subjects.

Parameters (Group-1) (Group-2) (Group-3) Healthy control
T2DM without complications T2DM with CVD
Number 50 50 50
Gender (F/M) 25/25 25/25 25/25
Age(years) 44.00+6.52° 44.04+ 6.59° 45.84 + 7.89°
BMI(Kg/M?) 27+4.25° 26.36 £3.20 ® 27.26+£1.7°2
FSG(mg/dl) 233.34 £65.33 2 230.56 £ 59.67 2 97.74+9.99°
HbA1c (%) 9.59+2.15° 10.72+2.25° 532+050°
TG (mg/dl) 141.50 + 29.31° 371.58 +96.39? 119.8 +44.19°
VLDL(mg/dl) 30.04+ 17.35° 65.70 £ 19.22° 23.66 + 12.89°
LDL (mg/dl) 102.51 + 25.09° 128.94 + 19.212 92.52 + 29.08°

Means followed by different letters are significantly different according to Duncan’s multiple range comparisons
(DMRTs), Means followed by the same letter are not significantly different, FSG=Fasting serum
glucose,HbA1C=Glycated Hemoglobin ,TG=Triglycerides ,VLDL=Very low density lipoprotein ,LDL=Low

density Lipoprotein.

Specimen collection and handling

About three milliliters of fasting venous
blood specimens were obtained from each
participant after about 12 hours of fasting. One ml
of the collected blood was
transferred to an ethylene diamine tetraacetic acid
(EDTA) tube and stored at (+2 to +8°C) for analysis
of HbAlc and, 1 milliliter of blood was collected
into another EDTA tube for DNA extraction and
genotyping by High Resolution Melt (HRM) real
time PCR. The remainder of blood sample was
transferred to a gel tube to collect serum after
clotting and centrifugation at (3000 rpm) for 5
minutes. Serum was stored as aliquots at -20C for
analysis of carnosine, carnosine synthase-1 by
enzyme-linked immunosorbent assay (ELISA)®324),
Polymorphism study steps
Genomic DNA extraction

Genomic DNA was extracted from the
peripheral blood leukocytes (frozen EDTA blood
samples) by Easy Pure Blood Genomic DNA Kit
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and then measurement the concentration and purity
of DNA by a Nano drop UV spectrophotometer by
which the optical density of DNA (1.5 pl) was
measured at two wavelengths (260 and 280 nm)@,
In most samples, DNA preparation gave A260/A280
ratio between 1.8 and 2.0, which is considered to be
suiTable for further analysis in detection gene
polymorphisms. The measurement of DNA
concentration for most of the samples was in the
range of (25-118) ng/ml.
The primers preparation

The primers applied in this study are listed
in Tables 2 below, were lyophilized, and they were
liquefied in the nuclease-free water to give a final
concentration of 100 pmol/ul as stock solution. The
stock was kept at -20°C, to prepare 10 pmol/ul
concentration as work primer suspended, 10 pl of
the stock solution in 90 ul of the free deionized
distilled water to reach a final volume of 100 pl, the
primers were supplied by Alpha DNA company/
USA.
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Table 2. The primers of carnosine synthase-1 gene for HRM techniqgue

SNP Primer Sequence Tm (°C)
rs1790733(ATPGDA-1) F-'5 CTGTGCTGCTGGAGGGTG 3 56
R-'5 GGCTGCCCTTTCTGTAGAA 3
HRM =High-Resolution Melting analysis.
High-resolution melting technique SuperMix was used for SNPs sequences
The genetic variations were investigated determination. GPCR-HRM was

for SNPs detection for (rs1790733) using HRM real-
time PCR.

Assay principle

As a logical progression from the real-time
monitoring of PCR reactions high-resolution
melting (HRM) analysis is a homogeneous,
incredibly robust method for genotyping, sequence,
and mutation scanning in DNA samples @ | The
HRM method was enabled not only to provide its
apparatus or software but also to provide third-
generation dyes that made this method more
accurate, such as the fluorescent Eva green dye,
which can bind to dsDNA. One of the advantages of
this dye is that it is non-toxic to cells, has no trans-
membrane permeability, and is non-mutagenic. It
can be used in large quantities to obtain the largest
percentage of saturation of dsDNA and thus more
brilliance and greater accuracy in the measured
signals @7 . High-Resolution Melting analysis
(HRM) for genetic analysis (Polymorphism
analysis) was performed using a Rotor gene Q Real-
time CYTO PCR System(QIAGEN), scaling
temperature for amplification of DNA from 55 to 95
°C then HRM analysis was done with 0.1°C within
a wavelength (470-510 nm). The 2xTransStart Tip
Green qPCR

Table 4. Thermal Profile of the HRM Technique

utilized on triple synthetic controls to determine
allelic differences, and differential curves (DC) and,
normalized melting curves (NMC) were created
using the HRM Tool included in the integrated
software (Rotor gene 4.4).
Reaction Components of HRM

The reaction components of HRM analysis
was shown in Table 3 below.
Table 3. The Reaction Components of HRM
Analysis for Genotype Using Quantitative Real-
Time PCR

Reaction Components Volume (pl)

2x TransStart®Tip Green | 10
qPCR

Super Mix 10

Nuclease free water

Forward primer

Reverse primer

Wk k| ko

DNA

Final volume 20ul

HRM =High-Resolution Melting analysis.

Thermal profile of HRM technique
The details of HRM technique are illustrated in
Table 4 and Figurel below:

Step Temperature(°C) Time(Second) NO. Cycle
Enzyme Activation 94 30 1
Denaturation 94 5 40
Annealing 56 15 40
Extension 72 20 40

HRM 65-95 0.1 degree for 2 sec 1

HRM =High-Resolution Melting analysis
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Figure 1. The thermal profile for hrm analysis in a real-time PCR device .
The annealing degree was 56°C and using EVA green dye, the reaction took about 120 minutes.

Statistical Analysis
Included the followings:

T-test and, the least significant difference
(LSD) test (Analysis of Variation ANOVA) were
used to compare significantly between means,
Means followed by different letters are significantly
different according to Duncan’s multiple range
comparisons (DMRTS), and Means followed by the
same letter are not significantly differentA Chi-
square test was used to significantly compare
percentages.
Pearson correlation coefficient (r) was used to
calculate the correlation between parameters.Values
of probability in this study were considered
significance as below:

*. (P <£0.05) means Significant., ** (P<0.01) means
Highly Significant. NS: means non-significant.
Using Version 11.63 of the WINPEPI computer
program to evaluate the statistical significance of the
P values calculated with Fisher's exact test; as well
as the Odds Ratio that was assessed by a special 2
formula (Abramson, 2

Results and Discussion

The results of current study demonstrated
highly significant differences for both: carnosine,
carnosine synthase-1, measured in serum for the
patients and control groups as illustrated in Table 5
& Figures 2, 3 b.

Table 5. Serum Carnosine and Carnosine Synthase-1 Levels

Groups Carnosine Carnosine synthase-1
(ng/ml) (ng/ml)

(Group-1)T2DM with CVD 0.19+0.13° 0.54+0.18°

(Group-2)T2DM without | 0.23+0.10° 043+0.23°

complications

(Group-3) Healthy control 1.14+0.43°2 1.85+0.46°2

Means followed by different letters are significantly different according to Duncan’s multiple range
comparisons (DMRTSs), Means followed by the same letter are not significantly different
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Figure 2. Serum Carnosine Levels in studied
groups
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Figure 3. Serum Carnosine synthase-1 Levels in
studied groups.

The markers measured in this study have
different sensitivity and specificity percentage that
show the efficiency of the studied markers and the
dependence on them as an indicator of disease as
shown in Table-6 and Figures (4, 5) below

Table 6. Receiver Operating Characteristic curve data of the studied markers

Figure 4. Receiver Operating Characteristic
curve of the carnosine biomarker.

Table 7. Correlation of studied parameters

Parameters AUC Explanation P-value The best | Sensitivity % | Specificity%
Cut off
Carnosine 0.98 Excellent 0.001 0.4785 98 97
Carnosine 0.98 Excellent 0.001 0.9615 96 99
synthase-1
= ROC Curve
o ROC Curve I
z o ! . _
- P
$ 04
Dﬂ:': < ; : '.‘7‘. G-Dl ; o ‘ N 1 ® specmc&y
1 - Specificity Disgenal segments ure produced by Lies

Figure 5. Receiver Operating Characteristic
curve of the carnosine synthase-1 biomarker

The results clarified a strong correlation
between serum level of carnosine and carnosine
synthase-1, as shown in Table 7 below:

Parameters Carnosine Carnosine
synthase-1
Carnosine Pearson Correlation 1 0.765™
Sig. (2-tailed) 0.000
Carnosine synthase-1 Pearson Correlation 0.765™ 1
Sig. (2-tailed) 0.000
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Genotyping results show that there were non-
significant differences in genotype distribution and
allele frequency between T2DM patients and the
control groups considering carnosine synthase-1
SNP (rs1790733) , as Fisher’s exact probability was
0.2 as showed in Table 8, furthermore the outcome
of (T2DM with CVD) group genotyping showed
that (AA) genotype (wild type) non- significant
difference (p- value = 0.5), and (AG) hetero
genotype showed highly significant difference (p —

Carnosine Synthase-1

value 0.03) that increase risk of disease in carrying
subjects to (60.4%). Also (GG) mutant genotype
showed highly significant difference (p - value
0.001) between subjects, odds ratio (6.47)and
increase the risk of CVD to ( 84.5%), and allele
distribution results appear the important role of G
allele in increase CVD complication odds ratio
(2.02) in patients (T2DM with CVD) group in this
study as clarified as in Table 9.

Table 8. Genotypes and Allele Frequency of carnosine synthase -1 SNP (rs1790733) in T2DM& Control

Genotypes Group Study Grou Odds Fisher’s Etiological | Prevented

rs1790733 Patients Control Ratio Cl195% | exact fraction Fraction
(N=50) (N=50) probability

AA 19 20 0.92 041 to| 0.84 8.1%
(38.00%) (40.00%) 2.07

AG 22 26 0.73 033 to| 04 27.5%
(44.00%) | (52.00%) 1.61

GG 9 4 2.52 072 to| 0.2 60.4%
(18.00%) (8.00%) 9.98

Alleles Distribution

A 60(60.00%) 66(66.00%) 0.77 | 0.43t01.38 0.4 22.7%

G 40(40.00%) 34(34.00%) 1.29 | 0.70to 2.40 0.4 22.7%

Table 9. Genotypes and Allele Frequency of carnosine synthase -1 SNP ( rs 1790733) in CVD-T2DM and

Control

Genotypes Study Group Odds Fisher’s Etiological | Prevent

Group Ratio Cl 95% exact fraction ed

rs1790733 Patients Control probability Fraction
(N=50) (N=50)

AA 17 20 0.77 0.34t01.76 | 0.5 22.7%
(34.00%) (40.00%)

AG 15 26 0.4 0.17t00.91 | 0.03 60.4%
(30.00%) (52.00%)

GG 18 4 6.47 2.06 t0 23.71 | 0.001 84.5%
(36.00%) (8.00%)

Alleles Distribution

A 49(49.00%) 66(66.00%) 0.49 | 0.28t00.88 | 0.01 50.5%

G 51(51.00%) 34(34.00%) 2.02 | 1.14t0359 | 0.01 50.5%

The results of current study showed no observational
effect of SNP ( rs 1790733) on carnosine serum
levels that indicate non-significant differences (p-
value > 0.05) between three genotype within each
groups as presented in Table 10 below, on the other
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hand the Table 11 showed highly significant
difference (p = 0.01) in serum level of carnosine
synthase -1 in variant genotype in control group
when compare the three groups of study.
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Table 10. Serum carnosine levels (ng/ml) with variant genotype of carnosine synthase -1 SNP

Groups rs1790733 Mean+ SD No. p-value
T2DM AA 0.22+0.06 19 0.7
AG 0.24+0.13 22
GG 0.25+0.06 9
CVD -T2DM AA 0.15+0.08 17 0.2
AG 0.20+0.14 15
GG 0.23+0.14 18
Control AA 1.21+0.50 20 0.4
AG 1.12+0.36 26
GG 0.93+0.51 4

Data are presented as Mean + Std. Deviation.

Table 11. Serum carnosine synthase-1 levels (ng/ml) with variant genotype of carnosine synthase -1 SNP

Groups rs1790733 Meant SD NO. p-value
T2DM AA 0.38+0.08 19 0.3
AG 0.48+0.33 22
GG 0.40+0.06 9

CVD- T2DM AA 0.61+0.17 17
AG 0.52+0.16 15 0.1
GG 0.50+0.20 18
Control AA 1.91+£0.37 20 0.01 **
AG 1.91+0.40 26
GG 1.19+0.82 4

**= highly significant difference (p <0.01). Data are presented as Mean + SD.

Type 2 Diabetes increases the risk of many diseases
like nephropathy ,retinopathy, and cardiovascular
disease®) the previous studies showed that
carnosine has several important biological
activities, through its impact on age-related diseases
such cardiovascular disease, DM, cancer and
neurological problems and play important role in
improving the functional capability in ischemia
circumstances ?°39, Carnosine prevents CVD by
different mechanisms through its anti-inflammatory,
anti-glycating, and antioxidant properties ©2,

The results of the current study clarified the
correlation between carnosine synthase -1 (rs
1790733) gene polymorphism on
chromosom11(intron-variant) with serum level of
carnosine and carnosine synthase enzyme-1 and
their effects on CVD, increased the chance of
disease occurrence by 84.5% in subject carrying
(GG mutant genotype) in T2DM with CVD group.
The increase in oxidative stress and inflammatory
factors in hyperglycemia (Hauck AK. et.al 2019)
(2 that could be the leading cause in the
deterioration of T2DM and  consequent
complications , besides other risk factors to CVD
associated with diabetes which arise as metabolic
disorders and insulin resistance, such as : increase in
serum level of fasting glucose, HbAlc , TG and
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VLDL,LDL) (Table-1). Several previous studies
ensure the role of carnosine in normalizing plasma
glucose level and reduced insulin levels after an oral
glucose intake & proven that carnosine lowered
fasting glucose level, serum levels of TG, enhance
lipid metabolism & improved glycemic control
(decreased HbAlc, insulin resistance, increased
insulin  secretion)®233) indirectly by activation
signaling cascade of nuclear factor erythroid 2-
related factor 2 (Nrf2), which enhances endogenous
antioxidant and anti-carbonylation  defensive
mechanisms®4,

The results clarified that the SNP had no effect or
play role in the occurrence of CVD as complication
of T2DM. Furthermore, the studied SNP had been
associated with increased the chance of disease
occurrence by 84.5% in subject carrying (GG
mutant genotype) in T2DM with CVD group, while
showed a decrease in carnosine, carnosine synthase-
1(ATBGD1) serum levels in both of the diabetic
groups, caused by indirect effect of the SNP on
hyperglycemia in the diabetic groups that clarify
the decrease in carnosine levels in the same groups
as well.

A study by Zhao,et.al have proven the effect of
carnosine synthase-1 in protection from myocardial
ischemia and other heart disease ©*, polymorphisms
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in other genes that encode enzymes related to
carnosine, like carnosinease enzyme isoform1&2 ,
can also affect carnosine levels in serum of T2DM
leading to increase the occurrence of diabetic
complications (Zhang S,et.al.2020)®®,  Gene
polymorphism of SNP (rs1790733) was chosen in
this study to investigate its role in development CV
complications in T2DM according to our
knowledge studied before. However the current
study still represent only the first steps toward a
better understanding of the genetic factors that
influence the development of CVD as one of the
serious complications affecting T2DM patients, so
further studies in this regard are necessary before
implementation of research findings into practice.
Conclusion

Gene polymorphism of SNP (rs1790733)
increased the chance for developing CVD in T2DM
patients by decreasing serum level of carnosine
synthase-1 leading to decrease serum level of
carnosine causing a deterioration of DM
complication specially CVD.
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