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Background: CAD is the most common type of heart disease and the leading cause of death in both
men and women. Transcription factor 21 (TCF21) is required for normal epicardial development and
regulates epicardium-derived cell (EPDC) differentiation into smooth muscle and fibroblast lineages.
Objectives: The aim of this study was to investigate the distribution of TCF21 (12190287G/C)
gene polymorphism in patients with CAD and its association with other clinical and laboratory
variables in these patients.

Patients and methods: This study was carried out in 100 patients with CAD, and 50 healthy
subjects served as controls. All studied subjects underwent laboratory investigations, including mea-
surement of total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-c),
high-density lipoprotein cholesterol (HDL-c), creatinine kinase-MB (CK-MB), troponin I (Tnl) and
genotyping of TCF21 (12190287G/C) gene using the TagMan Allelic Discrimination assay technique.
Results: Serum creatinine, TC, TG, LDL-¢c, CK-MB and Tnl were significantly higher in patients
with CAD than in the control group. There was a statistically significant difference regarding
genotype frequency of 7CF21 (12190287G/C) polymorphism between the two studied groups,
with the highest frequency of GG genotype among the control group, while CC genotype had
the highest frequency in the patient group. C allele was more frequent in the patient group,
while G allele was more frequent in the control group.

Conclusion: CC genotype and C allele of TCF21 (12190287G/C) polymorphism are considered
as genetic risk factors for CAD; these findings could have an impact on the future preventive
and management protocols in this group of patients.
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Introduction
Coronary artery disease (CAD) is a multifactorial disease and considered the main
cause of death in many countries.! Many risk factors contribute to the pathogenesis of
CAD, such as smoking, diabetes, hypertension, hypercholesterolemia, obesity, physical
inactivity and stress.? Although many patients with CAD share similar risk factors, it
is not clear why some individuals are more susceptible to these environmental deter-
minants than others with the same risk factors, pointing to a complex interaction of
both environmental and genetic factors.?

Recently, genome-wide association studies (GWASs) have identified several com-
mon variants that are associated with the risk of CAD and myocardial infarction.*

Transcription factor 21 (TCF21) is a class II basic helix—loop—helix transcription
factor that is produced in the mesenchyme of developing organs such as the lung,
kidney and epicardium.’
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In the heart, TCF2! is required for normal epicardial
growth and regulates epicardium-derived cell (EPDC) dif-
ferentiation into smooth muscle cells and fibroblast cells.
Vascular smooth muscle cells and cardiac fibroblasts are
essential for the development of the coronary vasculature and
cardiac fibrous matrix, which support myocardial integrity
and function in the heart.®

TCF21 attaches certain DNA sequences and regulates
cell differentiation by regulating cell cycle arrest and tissue
gene expression.’

The rs12190287 is present in the exon of the TCF21
and is considered an expression quantitative trait locus for
this gene by regulating TCF21 gene expression.® The gene
study indicated that the C allele of rs12190287 enhanced
the expression of TCF21 in vascular smooth muscle cells.’

Aim of the study

The aim of the present study was to investigate the distri-
bution of TCF21 (12190287G/C) gene polymorphism in
patients with CAD and its association with other clinical and
laboratory variables in these patients.

Patients and methods
The present study was carried out in 100 patients with
CAD (56 males and 44 females) with a mean age of
52.3 £ 4.1 years; the diagnosis of CAD was based on coro-
nary angiographic demonstration of >50% stenosis in at least
one of the major epicardial coronary arteries. The patients
were selected from the Cardiology Department, Menoufia
University, in the period from April 2015 to October 2015.

This patient group was compared with 50 (32 males and
18 females) age-matched and sex-matched healthy subjects
with a mean age of 51.2 + 3.4 years who had no detectable
cardiovascular risk factors and did not receive any medica-
tions. Control subjects were volunteers from the hospital
staff, medical and nursing students and members of the
local community. The studied population was enrolled after
obtaining the written informed consent and after approval
from the university research ethics committee of Menoufia
University Hospitals.

Patients with valvular heart disease, heart failure or
hepatic or renal dysfunction were excluded from this study.

All patients and control groups were subjected to com-
plete history taking, complete clinical examination, electro-
cardiography (ECG) and laboratory investigation, including
fasting blood sugar (FBS), lipid profile, urea, creatinine,
creatinine kinase-MB (CK-MB), troponin I (Tnl) and geno-
typing of TCF21 (rs12190287).

Sample collection and assay

A total of 10 uL of venous blood was obtained from all
subjects as follows: 2 UL into tubes containing EDTA for
genotyping of TCF21 gene and 8 PL into tubes without addi-
tives for separation of serum for colorimetric measurement
of urea,' creatinine,'! total creatine kinase (CK) and CK-MB
levels,'? total cholesterol (TC)," triglycerides (TG)' and
high-density lipoprotein cholesterol (HDL-c)."* Low-density
lipoprotein cholesterol (LDL-c) was calculated according to
the Friedewald equation.'® Enzyme-linked immunosorbent
assay (ELISA) was done for the measurement of serum Tnl.!”

TCF21| genotyping

DNA was extracted from whole blood using GeneJET Whole
Blood Genomic DNA Purification Mini Kit (Thermo Fisher
Scientific, Waltham, MA, USA).

TCF21 gene was genotyped using the TagMan allelic
Discrimination method, which determines variants of single
nucleic acid sequence. Using two primer/probe pairs in each
reaction allows genotyping of the two possible variants at
the single nucleotide polymorphism in a target template
sequence.

Using the maxima probe qPCR Master Mix (2X),
primers and probes were applied from Thermo Fisher
Scientific; the forward primer was 5’-CTCCAAGGGCT-
GAGAACTTCGGTGA-3" and the reverse primer was
5’-TTCATCCACCTGTCTATTTGCACAT-3".

The genotyping reaction was done by adding 10 puL of
master mix, 1.25 UL of the genotyping ready-made assay mix
(probes and primers) and 3.75 UL of DNAase-free water. For
every unknown reaction, 5 UL of genomic DNA template and
5 UL of DNAase-free water for the negative control reaction
were applied.

The cycling parameters were as follows: first, denatur-
ation was done at 95°C for 10 minutes, followed by 40 cycles
of denaturation at 94°C for 15 seconds, annealing at 50°C
for 60 seconds and then extension at 72°C for 2 minutes and
the last extension at 72°C for 1 minute. Data analysis was
performed using 7500 Real-Time PCR System, software
version 2.0.1.

Statistical analysis

Results were collected, tabulated and statistically analyzed by
IBM personal computer and statistical package SPSS version
20 (IBM Corporation, Armonk, NY, USA). Chi-square test
(x?) was used to study the association between two qualita-
tive variables. Odds ratio (OR) describes the probability
that people who are exposed to a certain factor will have a
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disease compared to people who are not exposed to the factor.
Student’s ¢-test was used for comparison between two groups
having quantitative variables. Analysis of variance (ANOVA)
(F) test was used for comparison between three or more
groups having quantitative variables. Multiple regression
analysis was performed to calculate the effects of risk factors
as independent ORs with the effects of other confounders
removed. P-value < 0.05 was statistically significant.

Results

The clinical, echocardiographic and baseline characteristics
of the study population are depicted in Table 1. There was
a statistically significant difference between the two studied
groups regarding heart rate, systolic blood pressure ejec-
tion fraction and smoking (P < 0.05), while there was no
significant difference as regards other clinical data, medical
history, age and sex.

Furthermore, there was a statistically significant differ-
ence between the two studied groups regarding creatinine,
TC, TG, LDL-c, HDL-c, CK-MB, Tnl (P < 0.05) and FBS
(P <0.001), while there was no significant difference regard-
ing blood urea (Table 2).

Interestingly, TCF21 genotype distribution between the
two studied groups showed a significant difference, with
increased frequency of the CC and GC genotypes and C allele
in the patient group and increased GG genotype frequency in
the control group (P < 0.05; Table 3 and Figure 1).

The results also showed that the GC genotype of TCF21
increases the risk of CAD by 2.3-fold and CC genotype
increases the risk by 5.9-fold, while the C allele increases
the same risk by 2.9-fold, as shown in Table 3.

There was also a statistically significant difference
among different genotypes of TCF21 in patients with CAD

Table 1 Demographic characteristics and clinical data of the
studied groups

Parameter Control Patients P-value
(n=50) (n=100)
Age (years), meanSD 512+34 523+41 >005
Sex, n (%)
Male 32 (64) 56 (56) >0.05
Female 18 (36) 44 (44)
HR (beat/min), mean+SD 735+53 886t46 <0.05
Systolic blood pressure (mmHg), 1252 +3.1 160.1 +6.8 <0.05
mean+SD
Diastolic blood pressure 807+78 812+36 >005
(mmHg), mean+SD
EF (%), meantSD 606+43 504+t32 <0.05
Smoking, n (%)
+ve 16 (32) 62 (62) <0.05
—_ve 34 (68) 38 (38)

Abbreviations: EF, ejection fraction; HR, heart rate; SD, standard deviation.

regarding the lipid profile and Tnl; patients with CC geno-
type predominance showed higher levels of TC, TG, LDL-¢
and Tnl (P < 0.05), while HDL-c was significantly higher
in patients with a predominance of GG genotype, as shown
in Table 4.

Using multivariate analysis for predicting risk factors for
CAD, the most significant risk factors were CC genotype
(OR 44.7, P < 0.001), smoking (OR 22.1, P < 0.001) and
FBS (OR 15.4, P < 0.001), followed by LDL-c (OR 13.1,
P <0.05),TG(OR9.9,P<0.05)and TC (OR 7.1, P < 0.05)
as shown in Table 5.

Discussion

CAD is an important cause of death and disability in both
developed and developing countries.'®!* CAD is a complex
disease caused by the inheritance of multiple genetic variants
together with environmental factors promoting the disease
state.”. Genome-wide associations (GWAs) have explored
several genetic variant associations with CAD.?"#

Table 2 Comparison between the studied groups regarding
laboratory parameters

Parameter Control Patients P-value
(n=50) (n=100)
(meantSD) (meantSD)
Serum creatinine (mg/dL) 0.98+0.3 1.66 + 0.4 <0.05
Blood urea 286+46  304+52 005
(mg/dL)
TC (mg/dL) 152.4 £23.6 1723 £224  <0.05
TG (mg/dL) 105.1 £ 19.6 130.5+202  <0.05
LDL-c (mg/dL) 845+ 132 1052+ 167 <0.05
HDL-c (mg/dL) 47.6 = 10.1 374195 <0.05
CK-MB (IU/uL) 152+5.6 355+89 <0.05
Tnl (ug/L) 0.18 0.1 0.62+0.2 <0.05
FBS (mg/dL) 106.5+ 187 201.3+642  <0.00I

Abbreviations: CK-MB, creatine kinase-MB; FBS, fasting blood sugar; HDL-c, high-
density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; SD,
standard deviation; TC, total cholesterol; TG, triglycerides; Tnl, troponin .

Table 3 Comparison of TCF2/ genotypes between the studied

groups
Genotypes Control Patients 2 P-value OR (95% Cl)
(n=50) (n=100)
n % n %
TCF21| genotype
GG 22 44 14 14 84 <0.05 -
GC 20 40 56 56 2.3 (0.7-8.1)
CcC 8 16 30 30 5.9 (1.4-25.2)
Allele
G 64 64 84 42 92 <0.05 -
C 36 36 116 58 2.9 (1.4-5.8)

Abbreviations: Cl, confidence interval; OR, odds ratio; TCF2/, transcription factor
21.
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Figure | Allelic discrimination plot showing CC, GC and GG genotypes.
Abbreviation: SNP, single nucleotide polymorphism.

In the heart, TCF21 is required for normal epicardial
development and controls EPDC differentiation into smooth
muscle and fibroblast cell lines.

The present study revealed that smoking is a strong risk
factor for CAD, which is consistent with many studies.” %
Smoking is associated with excess oxidative stress, free
radicals and release of cytokines.?

Furthermore, this study showed that systolic blood pres-
sure was significantly higher in patients with CAD as com-
pared to the control group; these results are in agreement with
Cannon®” who found that hypertensive patients have more risk
of CAD in relation to patients with normal blood pressure.
McCann et al?* showed that systolic blood pressure was higher
in patients with CAD compared to controls. Surprisingly, we

0.5 0.7 0.9

(C) Allele

Hetroxygous (GG)

Undetermined

revealed no significant difference in diastolic blood pressure
between patients and controls in contrast to that reported by
Santos et al?® who indicated high diastolic blood pressure
in patients with CAD when compared to the control group.
The explanation of our results may be because most of the
hypertensive individuals in the patient group were suffering
from only systolic hypertension.

The current study showed that serum creatinine was
higher in patients with CAD compared to the control group.
These results agree with those of Santos et al.?

Inrig et al® reported that ~40% of patients who present
with CAD have some degree of renal impairment.

Furthermore, our study showed that serum TC and serum
TG were increased in patients with CAD. These results run in
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Table 4 Biochemical parameters of the studied patients with
CAD in different genotypes of TCF2 |

Parameter GG (n=14) GC(n=56) CC(n=30) P-value

(meanitSD) (meaniSD) (meaniSD)

Urea (mg/dL) 34126 321187 37+£103 >0.05
Creatinine 088+022 099+020 1+0.30 >0.05
(mg/dL)

TC (mg/dL) 1325+228 1724+279 2028+351 <0.05
TG (mg/dL) 1206+ 145 1347+172 139.6£ 181 <0.05
LDL-c (mg/dL)  99.4 + 24.1 103.6 2285 1394+372 <0.05
HDL-c (mg/dL) 43 +3.3 388+4 354+54 <0.05
CK-MB (lU/uL) 289 +8.2 353+149 452+17.1 <0.05
Tnl (ug/L) 029 £0.11 037+030 0.59+030 <0.05

Abbreviations: CAD, coronary artery disease; CK-MB, creatine kinase-MB; HDL-c,
high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; SD,
standard deviation; TC, total cholesterol; TG, triglycerides; Tnl, troponin I.

Table 5 Multivariate analysis of predicting risk factors in CAD

Risk factor OR (CI) P-value
CC genotype 44.7 (14.9-413.7) <0.001
Smoking 22.1 (9.9-188.2) <0.001
FBS (mg/dL) 15.4 (8.6-121.7) <0.001
LDL-c (mg/dL) 13.1 (1.5-112.9) <0.05
TG (mg/dL) 9.9 (1.2-99.8) <0.05
TC (mg/dL) 7.1 (1.18-32.9) <0.05

Abbreviations: CAD, coronary artery disease; Cl, confidence interval; FBS, fasting
blood sugar; LDL-c, low-density lipoprotein cholesterol; OR, odds ratio; TC, total
cholesterol; TG, triglycerides.

parallel with McCann et al*® who reported that disturbance of
lipoprotein metabolism with high-fat diets, obesity and physical
inactivity have led to atherosclerotic disease in the developed
countries. The common genetic disorders of lipoproteins with
adverse environmental factors cause premature atherosclerosis.

Type 2 diabetes is linked with atherogenic dyslipidemia.
It was found that the incidence of atherosclerosis is increased
in diabetic patients compared to the general population.’®3!
Subjects with diabetes mellitus have other risk factors such as
obesity and hypertension; these risk factors appear to act in syn-
chrony to increase plaque formation.*> Oxidative stress due to
hyperglycemia may explain association between diabetes and
CAD, as it leads to endothelial dysfunction and atherogenesis.*

This study showed that the mean concentration of CK-MB
and Tnl in the CAD group was significantly higher than that
in the control group. Similar results were reported by Pas-
aoglu et al** though Tnl is more sensitive for minor degrees
of myocardial injury.3*3°

This study revealed that single nucleotide polymorphism
(SNP) rs12190287 was significantly associated with CAD
and the frequencies of CC and GC genotypes are associ-
ated with 5.9 and 2.3, respectively, higher risk of CAD than
GG genotypes. Furthermore, C allele was associated with
2.9 higher risk of CAD than G allele. In agreement with

our results, Schunkert et al*' and Wang et al*’ reported a
significant association of SNP rs12190287 of TCF21 with
CAD. In contrast to our results, Chang et al*® did not find any
association between rs12190287 and CAD.

This difference in results of previous studies indicates
that TCF2 1 may have different disease determinants in CAD
development, and association between TCF2[ and CAD
susceptibility may have an impact on patients’ risk levels.

Study limitations

First, the maintenance medications for the patients were not
standardized before randomization; they were on different
types and doses of statin therapy, antiplatelet drugs and beta
blockers; such a therapy may have a potential effect on the
clinical and laboratory variables. Second, there was a lack of
assessment of microRNAs (miRNAs), which are known to be
involved in post-transcriptional regulation of gene expression
and may affect both the stability and translation of mRNAs.
Third, the study lacked a large validation population. Further
prospective studies are thus needed to confirm our results.

Conclusion

CC genotype and C allele of TCF21 (12190287G/C) poly-
morphism are genetic risk factors for CAD; this association
could provide a new method to identify patients at higher
cardiovascular risk.

Disclosure
The authors report no conflicts of interest in this work.
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