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Abstract: Acute Myocardial Infarction (AMI) has the highest mortality rates in emergency services. In AMI patho-
physiology, oxidative, inflammatory, metabolic, and thrombotic factors are involved. TNFA is a candidate gene for 
the disease, due to its involvement in the early stage of atherosclerotic plaque destabilization. The objective of this 
investigation was to study the association of rs1799724 (-857 C>T) and rs1800630 (-863 C>A) TNFA polymor-
phisms with AMI and the polymorphisms’ effect on gene expression. The case-control study included 206 control 
subjects and 285 patients diagnosed with AMI from Western Mexico. Genetic polymorphisms were identified by the 
Polymerase Chain Reaction-Restriction Fragment Longitude Polymorphism (PCR-RFLP) method. TNFA gene expres-
sion was measured by quantitative PCR (qPCR) using TaqMan® UPL probes. In terms of results, we observed the 
TNFA gene overexpressed in patients with AMI (3.2 times more than in controls). The -857 C/C genotype carriers 
exhibited higher TNFA gene expression in the control group. The effect of -863 C>A polymorphism on TNFA gene ex-
pression was in contrast between the control group and in patients with AMI. In conclusion, these polymorphisms do 
not contribute to the risk of AMI in Western Mexico population; however, the -863 C>A effect on the transcriptional 
activity of TNFA in patients with AMI merits further investigation.
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Introduction

Cardiovascular Disease (CVD) is the leading 
cause of death worldwide, involving serious ill-
ness, disability, and huge economic invest-
ments. Ten persons die every hour due to myo-
cardial infarction in Mexico [1].

Acute Myocardial Infarction (AMI) is defined as 
necrosis of myocardial tissue caused by an 
acute and prolonged ischemia of a coronary 
artery, which is later related with the rupture or 
erosion of an atherosclerotic plaque. The clas-
sic clinical syndrome of AMI involves  the sud-
den onset of typical symptoms and electrocar-
diogram abnormalities, followed by transient 
increases in serum levels of enzymes and 

structural proteins released by the myocardium 
[2].

Inflammation is one of the emerging pathophys-
iological factors, due to its close relation with 
atherosclerosis and a vulnerable plaque [3]. 
This inflammatory process is mainly orchestrat-
ed by Th1 cytokines, of which the most studied 
is Tumor Necrosis Factor alpha (TNF-α). Higher 
concentrations of TNF-α have been linked with 
the initiation, development, and formation of 
plaque and is associated with an elevated risk 
of recurrent stroke and other CVD [3, 4]. 
Evidence points out genetic factors that act 
independently of the main risk factors related 
with AMI [5]. Some polymorphisms contribute 
to gene expression changes and consequently 
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could increase or diminish disease susceptibil-
ity. Two functional genetic markers localized in 
the TNFA promoter region are of interest: -857 
C>T (rs1799724), and -863 C>A (rs1800630). 
In vitro studies have shown that the -857T or 
-863A allele is related with decreased tran-
scriptional activity and lower protein production 
[6-9]. These two Single Nucleotide Polymor- 
phisms (SNP) have been associated with CVD 
in different ethnic groups [10].

In this study, we evaluated the gene expression 
of TNFA and its relationship with -857 C>T and 
863 C>A polymorphisms in patients with AMI 
from Western Mexico.

Materials and methods

Study population

This case-control study included 206 Control 
Subjects ((CS): 108 males and 98 females), 
and 285 patients diagnosed with AMI (231 
males and 54 females) recruited from the 
Hospital de Especialidades del Centro Médico 
Nacional de Occidente del Instituto Mexicano 
del Seguro Social (CMNO-IMSS). 

With regard to CS, subjects were similar in age 
to cases, with the absence of any CVD, nega-
tive AMI familial history, and normal biochemi-
cal parameters was considered.

Patients with AMI were classified according to 
American College of Cardiology (ACC) criteria 
and were recruited between days 2 and 3 after 
the acute coronary event. Individuals with other 
diseases, such as infections, cancer, and auto-
immune diseases, were not included. 

Ethical considerations

The study was carried out in accordance with 
Helsinki Declaration 2013 statutes. All individ-
uals accepted to participate in the study and 
signed informed written consent. Ethical app- 
roval was obtanied by the Centro Universitario 
de Ciencias de La Salud (CUCS) of the Univer- 
sidad de Guadalajara (U de G) (CI/065/2014). 

DNA extraction 

Extraction of genomic DNA (gDNA) was obtained 
from total peripheral blood leukocytes using 
the Miller technique [11]. gDNA concentration 
was determined spectrophotometrically at 
wavelengths of 260 nm (absorbance for nucleic 
acids) and 280 nm (absorbance of proteins). 
Once the gDNA concentration was known, sam-
ples were stored at -20°C until use.

Genotyping

The polymorphism was amplified by Polymerase 
Chain Reaction-Restriction Fragment Longitude 
Polymorphism (PCR-RFLP) utilizing the follow-
ing primers [12]: rs1799724 Forward: 5’-AA 
GTCGAGTATGGGGACCCCCCGTTAA-3’ Reverse: 
5’-CCCCAGTGTGTGGCCATATCTTCT-3’ rs18006- 
30 Forward: 5’-GGCTCTGAGGAATGGGTTAC-3’ 
Reverse: 5’-CTACATGGCCCTGTCTTCGTTACG-3’ 
PCR amplification was performed in a total vol-
ume of 20 µL containing 10 ng/µL of gDNA, 
0.08 IU/µL of Taq polymerase (Invitrogen™, 
Carlsbad, CA, USA), 1X buffer, 0.6 pM of each 
primer, 1.5 mM MgCl2, and 0.1 mM dNTP. Ther- 
mocycler conditions were initial denaturation 
step of 3 min at 94°C followed by 30 cycles of 
45 sec each at 94°C, 62°C, and 72°C, and a 
final extension step of 1 min at 72°C.

PCR fragments of 124 and 125 bp for 
rs1799724 and rs1800630 polymorphisms 
were digested with 5 U of HincII® (New England 
BioLabs, Beverly, MA, USA) and HpyCH4IV (New 
England BioLabs®, Beverly, MA, USA) enzymes, 
respectively. The final volume of digestion reac-
tion was 15 µl, and PCR fragments were digest-
ed at 37°C/1 h. The digestion pattern for poly-
morphism rs1799724 resulted in two frag-
ments at the C allele (99 bp and 25 bp) and a 
fragment at the 124 T allele. Polymorphism 
rs2229569 digestion resulted in a fragment at 
the C allele (125 bp) and two fragments of 101 
bp and of 24 bp for A allele. PCR products and 
digested products were analyzed by gel electro-
phoresis by 6% polyacrylamide (29:1, acryl-
amide: bis-acrylamide) stained with silver 
nitrate.

Analysis of messenger RNA (mRNA) expres-
sion 

RNA was extracted by phenol-chloroform (Trizol, 
Life Technologies) according to the Chomiczyki 
and Sacchi method [13]. Complementary DNA 
(cDNA) was synthesized employing total RNA by 
means of Ribonuclease H and oligo d (T)16 
(Promega, Madison, WI, USA) and reverse tran-
scriptase M-MLV. The concentrations of RNA 
and cDNA were quantified using NanoDrop 200 
(ThermoScientific). Only those with the ratio of 
1.8:2 (A260/280 nm) were considered and pro-
cessed immediately. Levels of the relative 
expression of TNFA mRNA were measured with 
the quantitative Polymerase Chain Reaction 
(qPCR) technique with TaqMan® probes (Pro- 
bes #57 Roche, ref: 0488546001) utilizing 
GAPDH (Universal ProbeLibrary Human GAPH 
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Gene Assay, ref: 05190541001) as reference 
gene. The following primer sequences were 

(<10%). In each reaction, no-template controls 
were included.

qPCR conditions resulted in expected amplicon 
size and a single band of amplification, and 
were further validated by melting curve an- 
alysis.

Amplification efficiency

Serial complementary DNA (cDNA) dilution 
curves were constructed to calculate amplifica-
tion efficiency for both genes. A graph of quan-
tification Cycle (Cq) graph vs. log10-relative copy 
number of the sample from dilution series was 
produced. Efficiency values were very close to 
2, indicating efficient amplification [14, 15].

Age, gender, and risk factors were considered 
among inclusion criteria for mRNA relative 
quantification. Mean age was 61 ± 5 years.

Statistical analysis

The chi-square test or Fisher exact test was 
used to compare discrete variables for estima-
tion of Hardy-Weinberg Equilibrium (HWE). 
Relative expression was determined by means 

Table 1. Demographic and clinical characteristics of the study 
groups
Parameter AMI CS Reference value
Demographic
    Age (years) 62 ± 11.03 57 ± 8.41
    Male 231 (81.05%) 108 (52.42%)
    Female 54 (18.95%) 98 (47.58%)
    Sedentary lifestyle 149 (52%) 99 (48%)
    BMI 27.61 ± 0.52 26.5 ± 0.62 18-25 normal

25-30 overweight
>30 obesity

Risk factor
    AHT 157 (55.08%) 61 (29.61%)
    DM2 118 (41.40%) 39 (18.93%)
    Obesity 107 (37.54%) 59 (28.64%)
    Dyslipidemia 100 (35.08%) 29 (14.07%)
Biochemical 
    CHOL (mg/dL) 118.24 ± 40.00 167.73 ± 25.41 150-199
    GLU (mg/dL) 137.58 ± 55.32 101.43 ± 10.38 75-105
    TG (mg/dL) 94.26 ± 33.70 112.87 ± 57.45 <200
    LDL-c (mg/dL) 45.16 ± 19.50 27.94 ± 68.76 <130
    HDL-c (mg/dL) 20.44 ± 11.90 37.57 ± 18.21 >40
Abbreviations: AHT, Arterial Hypertension; AMI, Acute Myocardial Infarction; CS, Con-
trol Subjects; CHOL: Cholesterol; DM2, Diabetes Mellitus type 2; GLU, Glucose; HDL-c, 
High-Density Lipoprotein cholesterol; LDL-c, Low-Density Lipoprotein cholesterol; n, 
sample size; TG, Triglycerides. Mean ± Standard Deviation (SD).

Figure 1. Genotype identification of -857 C>T poly-
morphism of the TNFA gene. The figure shows a 6% 
polyacrylamide gel. Lane 1 molecular weight marker 
of 50 bp, lanes 2-5: CC genotype and lane 6 CT geno-
type.

employed, amplifying a 60- 
nucleotide fragment and 
including exons 2 and 3 of 
the gene: Forward: 5’-CGC- 
TCCCCAAGAAGACAG-3’ Re- 
verse: 5’-AGAGGCTGAGGAA- 
CAAGCAC-3’.

The complementary DNA 
(cDNA) concentration used 
was 250 ng/µL. qPCR ampli-
fication was performed in a 
total volume of 10 µL con-
taining 10 ng/µL of cDNA, 
the 2X concentration of 
Master Mix (Roche), a 0.2-
µM concentration of the 
probe, and concentration  
of 0.4 µM of each initia- 
tor. Thermocycler conditions 
comprised one initial cycle  
of 10 min at 95°C, 40 cycles 
of 15 sec at 95°C, and  
one final cycle of 1 min  
at 60°C in a LightCycler  
96 (Roche). Assays were  
performed in triplicate. The 
coefficients of variation were 
within acceptable ranges 
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of the Livak method: 2-ΔΔCq and 2-Δcq [15]. Odds 
Ratio (OR) was the measurement of the asso-
ciation. Analysis of the relationship among 
quantitative variables was performed by 
Spearman correlation (r). Medians were com-
pared employing the Mann-Whitney U test. The 
significance level was set at P<0.05; when sig-
nificant, this was corrected by linear regres-
sion. The aforementioned statistical analysis 
was carried out by using of SPSS ver. 21.0 sta-
tistical package, Excel 2010, and GraphPad 
Prism ver. 04 (GraphPad, CA, USA) statistical 
software.

Results

The study groups’ demographic and clinical 
characteristics are presented in Table 1. 
Average age patients with AMI was 62 years, 
and 57 years in the control group. The disease 
was overrepresented in males. In both study 
groups, Arterial Hypertension (AHT) was the 
most common risk factor, and dyslipidemia, the 
least. Except for glucose level, all biochemical 
parameters were among the reference values 
in both study groups.

Genetic contribution 

The genotype frequencies of -857 C>T and 
-863 C>A polymorphisms were found within the 
HWE in CS (P>0.2) and in patients with AMI; 
only -857 C>T deviated in terms of HWE (P = 
0.003); the latter was expected since this is a 
selected population. The electrophoretic pat-
tern of both polymorphisms is depicted in 
Figures 1 and 2. The -857T allele was more fre-

quently observed in cases than in controls (17 
vs. 12.93%), while the -863A allele was slightly 
less frequent in cases (11.75 vs. 12.37%). 
However, neither allele nor genotype frequen-
cies for both polymorphisms were statistically 
different between patients and controls (Table 
2). HaploView software revealed no significance 
linkage disequilibrium between both polymor-
phisms in our population. Thus, they were con-
sidered individually.

Gene expression 

mRNA relative expression of the TNFA is pre-
sented in Figure 3. Median gene expression of 
TNFA was 59.76 vs. 32.06 (P = 0.04) and was 
3.2 times higher in patients with AMI than in 
CS. 

We analyze TNFA gene expression according to 
the genotypes in each studied group. We 
observed a reduced number of homozygous 
polymorphisms, and these were not included in 
the qPCR experiments.

With regard to -857 C>T, TNFA gene expression 
was increased in CC compared with CT carriers 
(median: 46.71 vs. 7.76; P = 0.02) in CS. In AMI 
patients, differences were not statistically sig-
nificant.  When comparing these between grou- 
ps, the difference was not statistically signifi-
cant (Figure 4). Regarding the -863 C>A poly-
morphism in CS, the CA genotype demonstrat-
ed 4.5 times more expression than in CC geno-
type carriers (median: 59.95 vs. 16.40; P = 
0.01). Otherwise, the opposite effect was 
observed in patients with AMI, where CC geno-
type carriers exhibited 8.5 times more gene 
expression than heterozygous genotype carri-
ers (median: 79.11 vs. 24.35; P = 0.01). 
Between groups, CC genotype carriers with AMI 
demonstrated higher TNFA gene expression 
than controls (median: 79.11 vs. 16.40; P = 
0.009) (Figure 5).

We performed a multivariate regression to rule 
out bias due to risk factors. No evidence of 
potential confounders was observed (P>0.05). 

Discussion

The total cost for AMI in public health institu-
tions corresponds to $387,160/year in US 
Dollars (USD). Although patients are monitored, 

Figure 2. Genotype identification of -863 C>A poly-
morphism of TNFA gene. The figure shows a 6% 
polyacrylamide gel. Lane 1 molecular weight marker 
50 of bp, lanes 2-4: CC genotype and lanes 5-7: CA 
genotype.
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treated, and aimed toward modifying their life-
style, CVD continues to increase [16]. Taken 
together, these support the study of other non-
classical factors related with AMI. 

Age comprised one of the most important in- 
clusion criteria of our study groups. In this 
respect, we were not able to include healthy 
older people in the control group. The main risk 
factor observed in both controls and patients 
with AMI was AHT. This is in line with a recent 
survey conducted in Mexico where AHT preva-
lence in general population is 31.5% and is 

As expected, TNFA gene expression was 
increased in patients with AMI. According  
to genotype, -857 CC carriers showed higher 
TNFA gene expression than CT genotype in  
CS. This is in line with previous in vitro reports 
[9, 18]. 

With regard to the -863 C>A polymorphism, we 
found contrasting results according to group. In 
CS, CA genotype carriers showed higher rela-
tive TNFA gene expression than CC homozy-
gous and the opposite effect in patients with 
AMI. These contradictory findings could be 

Table 2. Allele and genotype distribution of -867 C>T and -863 C>A 
polymorphisms in the TNFA gene

SNP CS
n (%)

AMI
n (%)

OR
(95% IC) P

-857 C>T (rs1799724)
    Genotype
        C/C 150 (74.62) 166 (66.40) - -
        C/T 50 (24.87) 83 (33.20)  1.12 (1.05-2.38) 0.05
        T/T 1 (0.49) 1 (0.40) 1.07 (0.07-17.31) 0.96
    Allele
        C 350 (87.06) 415 (83.00) - -
        T 52 (12.93) 85 (17.00) 1.41 (0.97-2.05) 0.07
    p value of HWE 0.210 0.003
    Dominant model
        C/C 150 (74.62) 166 (66.40) - -
        C/T+T/T 51 (25.37) 84 (33.60) 1.45 (1.00-2.24) 0.05
    Recessive model
        C/C+C/T 200 (99.5) 249 (99.60) - -
        T/T 1 (0.49) 1 (0.40) 1.07 (0.07-17.31) 0.96
-863 C>A (rs1800630)
    Genotype
        C/C 160 (77.66) 222 (77.89) - -
        C/A 41 (19.90) 59 (20.70) 1.06 (0.68-1.65) 0.79
        A/A 5 (2.43) 4 (1.40) 0.95 (0.33-2.80) 0.93
    Allele
        C 361 (87.62) 503 (88.24) - -
        A 51 (12.37) 67 (11.75) 0.97 (0.72-1.32) 0.87
    p value of HWE 0.208 1.000
    Dominant model
        C/C 160 (77.7) 222 (77.89) - -
        C/A+A/A 46 (22.3) 63 (22.10) 0.63 (0.63-1.45) 0.90
    Recessive model
        C/C+C/A 201 (97.57) 281 (98.59) - -
        A/A 5 (2.42) 4 (1.40) 0.57 (0.15-2.14) 0.40
Abbreviations: AMI, Acute Myocardial Infarction; CS, Control Subjects; CI, Confidence 
Interval; HWE, Hardy-Weinberg Equilibrium; OR, odds ratio. ORs and p value were cor-
rected with binary logistic regression.

positively correlated with 
age [17]. As can be noted, 
all classical factors related 
with AMI were overrepre-
sented in these patients; 
this is noteworthy because 
having one risk factor dou-
bles disease susceptibility, 
while having three risk fac-
tors increases susceptibili-
ty for the disease 10 times.

Except for glucose, all clini-
cal parameters fall into the 
reference value, even the 
patients’ group. Inferring ot- 
her factors needs to be 
taken into account in order 
to prevent disease initia-
tion and progression.

Regarding genetic polymor-
phisms, the -857 C>T and 
-863 C>A were not associ-
ated with AMI susceptibility 
in Western Mexico popula-
tion. In a recent meta-anal-
ysis, including these two 
SNP related with Cardiovas- 
cular Heart Disease (CHD), 
ethnicity-dependent heter- 
ogeneous results were re- 
ported. For instance, the 
attributable risk of these 
two polymorphisms in CHD 
ranged between 5 and 6% 
in Caucasians [10]. To the 
best of our knowledge, 
there are no other studies 
linking these polymorphis- 
ms with AMI. 
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explained by the complex transcriptional regu-
lation of the gene, which involves transcription 
factors, cytokines, bacterial products, and dis-
ease [8, 18-20]. Functional studies have dem-
onstrated that both polymorphisms, -857 C>T 
and -863 C>A, are located in consensus regions 
important to gene regulation, such as OCT-1 
and NF-kB binding sequences. The Nuclear 
Factor kappa Beta (NF-kB) family of transcrip-
tion factors plays a pivotal role in the regulation 
of cardiac myocyte survival through repression 

of apoptotic cell death triggered by hypoxia or 
ischemic myocardial dysfunction [21]. Funct- 
ional studies have determined that the pres-
ence of the -863A allele is related with dimin-
ished binding affinity to the p50-p50 dimer of 
NF-kB, suggesting that TNFA gene expression 
depends on the proportion of the NF-kB: the A 
variant increases gene expression when there 
is a sufficient amount of p50/p50 homodimer 

Figure 3. Relative messenger RNA (mRNA) expression of TNFA in Control Subjects (CS) and Acute Myocardial Infarc-
tion (AMI). A. Comparison of relative TNFA gene expression for each study group (Median CS = 32.06; AMI = 59.76). 
Data shown as mean ± Standard Deviation (SD) (n = 20-26), 2-ΔCq method. B. Comparison of relative TNFA gene 
expression for each study group, 2-ΔΔCq method. mRNA expression was measured by quantitative Polymerase Chain 
Reaction (qPCR) and normalized to the mRNA expression of reference gene GAPDH.

Figure 4. messenger RNA (mRNA) TNFA relative ex-
pression of the -857 C>T polymorphism. Comparison 
of relative TNFA gene expression in Control Subjects 
(CS) and Acute Myocardial Infarction (AMI). Data ob-
tained by 2-ΔΔCq, Standard Deviation (SD) is above the 
bars obtained by the ΔCq method. mRNA expression 
was measured by quantitative Polymerase Chain Re-
action (qPCR) and normalized to the mRNA expres-
sion of reference gene GAPDH. CS was the calibrator 
group and assigned value 1.

Figure 5. messenger RNA (mRNA) TNFA relative ex-
pression of the -863 C>A polymorphism. Comparison 
of relative TNFA gene expression in Control Subjects 
(CS) and Acute Myocardial Infarction (AMI). Data ob-
tained by 2-ΔΔCq, Standard Deviation (SD) is above 
the bars obtained by the ΔCq method. mRNA ex-
pression was measured by quantitative Polymerase 
Chain Reaction (qPCR) and normalized to the mRNA 
expression of the reference gene GAPDH. CS was the 
calibrator group and assigned value 1.



TNFA gene expression in AMI

17602 Int J Clin Exp Med 2016;9(9):17596-17603

[22]. Taken together, this information points to 
that the functional effect of -863A may be 
dependent on several factors, including cell 
type and on  transcriptional, post-transcription-
al, and epigenetic regulations, due to that these 
play a pivotal role in gene expression and in the 
regulation of protein production [23-26].

Conclusion

TNFA gene expression was increased in pati- 
ents with AMI; -857 C/C genotype carriers 
showed higher TNFA gene expression that in 
the control group. The effect of -863 C>A poly-
morphism on TNFA gene expression was con-
trasted in the control group and in patients with 
AMI. These polymorphisms do not contribute to 
the risk for AMI in Western Mexico population; 
however, the -863 C>A effect on TNFA tran-
scriptional activity in patients with AMI merits 
further investigations.
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