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Aportaciones originales

A disease related with genetic aspects is type 2 
diabetes (T2D), which has an alarming prev-
alence in Mexican population. The preva-

lence for T2D is 14.42 % (7.3 million diabetics).1 In 
addition, the majority of previously diagnosed sub-
jects with diabetes are at levels of poor control.2 

In relation to tumor necrosis factor (TNF) poly-
morphisms, there are controversies concerning the 
participation of these genes in the development of 
T2D, TNF,3-5 as well as for lymphotoxin  (LTA).6,7 
There are studies that relate the TNF -308G/A gene 
polymorphism with T2D and with other complica-
tions, such as the two-times greater risk in women for 
developing coronary heart disease,8 which is strongly 
associated with a risk for diabetes, but not with car-
diovascular mortality at old age.9 

Those studies stated that TNF genotype is linked 
with the common phenotype of T2D.4 Although other 
authors mention that genotype is not involved with 
the pathogenesis of T2D. Patients with T2D who are 
carriers of the A/A homozygous genotype can be more 
susceptible to the complications of diabetes, such as 
atheroesclerosis10, insulin resistance and abdominal fat  
accumulation.11 There is a bigger predisposition for 
non-insulin-dependent patients to develop prolifera-
tive diabetic retinopathy.7 There is also a relationship 
with obesity, high blood pressure, lipid and glucose  
serum levels in patients with T2D.12 The insulin resis-
tance and the metabolic syndrome13 are related with 
the pathogenesis of intrauterine insuline resistance 
and the birth weight in Danish Caucasian popula-
tion.14 The excessive fat accumulation in women with 
T2D15 is between the most prominent features asso-
ciated to TNF genotype linked with common pheno-
tyope of T2D. On the other hand, the LTA +252G/A 
gene has been associated with diminution in insulin 
resistance.16

The TNF/LTA locus has been a long-standing 
T2D candidate gene. T2D and obesity have been 

17,18 Insu-
lin resistance is associated with the increased plasma 

and IL6, and with interactions between TNF and 
NF-k  that lead to an increase of oxidative stress.19-21 
Because TNF plays an important role in T2D, it 
would be useful to know the frequency of polymor-
phisms for T2D. No studies have examined this topic 
in Mexican-mestizo population and this is the aim of 
this paper.
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Methods

A prospective study in healthy subjects and outpa-
tients with T2D was conducted and followed along 
a year. We selected 48 healthy subjects, who were 
approved by the selection process established by the 

components,22 and 51 patients with T2D. All subjects 
were above legal age, without autoimmune diseases, 

without chronic diseases different from T2D at the 
time of admittance into the study.

T2D patients belonged to the Internal Medicine 

-
ily Medicine Unit 6 of the Instituto Mexicano del 
Seguro Social
Banco Central de Sangre and laboratory tests were 
performed at the Infectology Research Unit.

All patients were interviewed to gather infor-
mation on general data. Additional information col-
lected included time of evolution of the diagnosis of 
T2D and date of inclusion in the study. Also, a let-
ter of informed consent was formulated and signed 
previously by study participants, since the test to be 
performed did not form part of the protocol of T2D 
studies. 

informed consent because study samples comprised 
the same as those taken for routine testing for the 
blood donation procedure; the interview was also not 
applied to the latter. A 5 mL peripheral blood sample 

™ tube (Becton, Dickin-
son, Franklin Lakes, NJ, US) with EDTA as antico-
agulant to all subjects. We obtained peripheral-blood 
mononuclear cells by centrifugation with the Ficoll 
density gradient method.23

sexes, younger than 60 years, apparently healthy at 
the interview, clinical examination and self-exclusion 
questionnaire, with negative serology for immuno-
logical and molecular biology: hepatitis B, hepatitis 
C Trypanosoma cruzi and Trepo-
nema pallidum. The group of T2D included patients 
with diabetes diagnosis according to the American 
Diabetes Association criteria. 

DNA was isolated with guanidine thiocyanate and 
phenol utilizing 500 L of the TRIzol reagent (Gibco 
BRL) according to the procedure described by Chom-
czynski;24 the reagent was a monophase solution of 
guanidine thiocyanate and phenol. The DNA was 
resuspended in 50 L of distilled water after precipi-
tation with ethanol at 75 %. This solution was heated 
at 55 ºC for 20 min. Its absorbency relationship was 
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determined at 260/280 nm, and we took 5 L for DNA 

Restriction fragment length polymorphism 
(RFLP) genotypic analysis with Nco I: once the 
genomic DNA was extracted, we proceeded to the 

-

(positions 327 to 220) of the TNF promoter by PCR 

25 The A1 primer was 
designed to incorporate the TNF polymorphic site in 
an Nco1 restriction sequence. PCR was performed 
in 2-mL tubes with (2 ng) of genomic DNA in 5 L 
of solution, which served as a mold for the 50- L 
reaction mixture. This reaction mixture contained 
the following chemicals: 20 pM of each primer (A1 
and 2) in 1 L of solution, and 25 L of Promega™ 
Master Mix that contains polymerase Taq, reaction 
buffer, magnesium chloride, nucleosides, and 19 L 

in a Biometra™ thermocycler at the following times: 
one cycle at 95 ºC for 2 min, and 35 cycles at 94 ºC 
for 30 sec, at 58 ºC for 45 sec, at 72 ºC for 30 sec, 

digested overnight at 37 ºC with Nco1 at 4 interna-
tional units (IU)/ L of reaction. Restriction patterns 

3.5 % dyed with ethidium bromide. Digestion by 
-

ments: one of 20 base pairs (bp); the other of 87 bp of 
the TNF 308G allele, and a sole 107-bp fragment of 
the TNF -308A allele. In heterozygous, three bands 
were observed: one of 107 bp, one of 87 bp, and a 
third of 20 bp.

DNA containing the Nco1 polymorphic site; this was 

0.2-mL tubes with (2 ng) of genomic DNA in 5 L of 
solution, and the following chemicals served as tem-
plate: 20 pM of each of the primers, including primer 

26 in 1 L of solution, 25 L of Promega™ 

Master Mix that contains polymerase Taq, reaction 
buffer, magnesium chloride, nucleosides, and 19 L 

in a Biometra™ thermocycler at the following times: 

95 ºC, followed by 37 cycles of a 30-sec denaturation 
at 95 ºC, for 30-sec annealing at 57 ºC, and a 45-sec 

for 6 min at 74 ºC. PCR product was digested with 
10 IU/ L Nco1 of endonuclease during 4 h at 37 ºC. 

agarose gel dyed with ethidium bromide. Digestion 

Table I General characteristics of the study groups

Healthy 

Median

Range

Median

Range

Median

Range

Urinary tract infection, hypertension

Gender n n

Male
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-
lowing fragments: the original of 782 bp (patients 
homozygous for the LTA +252A allele, lacking  
the Nco1 site); three fragments of 782, 586, and 196 
bp in length (heterozygous patients), or two frag-
ments of 586 and 196 bp in size (homozygous patients 
for the LTA +252G allele). For calculating sample 
size, we used general allele frequencies in healthy 
controls that were reported in previous studies.25,26 

The estimated difference for alleles TNF -308A and 
LTA +252A in patients with chronic TB is 25 %; we 
applied the stadigraph z formula,27 with 38 patients 
for TNF and 48 patients for LTA per group ( , 0.05; 

, 0.20). Because we determined the two genotypes 
(  and ) in the same patient, we concluded that with 
a 51-patient group with T2D, our necessary sample 
was complete. We added a group of 48 healthy sub-

-

utilizing central tendency and dispersion measure-
ments as quantitative variables were used. To deter-
mine associations of the variables in the study groups, 
we utilized contingency tables and independent 2 for 
statistical analysis and the Wilcoxon sum of ranges 
(the Mann-Whitney U
was considered with a p  

(95 % CI).

Results

The general results of studied patients are presented 
in table I. We found a higher number of male in the 
healthy group (p < 0.05) due to a greater percentage 

of healthy male blood donors than female donors. 
In healthy subjects, median age found was 35 years 
(p < 0.01) due to that a selection process exists for 
healthy donors of blood and its components, in which 
the age limit ranges from 18 to a maximum of 65 
years. 

Allele frequency  

We analyzed 102 alleles in the T2D group, of which 
92 corresponded to allele TNF -308G and 10 to allele 

-
ferences compared with healthy subjects (table II). 
For the LTA gene, we studied 102 alleles in the T2D 
group, of which 32 (31 %) corresponded to allele 

-
ference (p, 0.049) with respect to the healthy group, 
and 70 (69 %) to allele LTA +252A (table II). 

We studied a total of 51 genotypes of the TNF 
-308 promoter gene in T2D, with a general frequency 
of 41 (80 %) for the TNF -308G/G homozygous 
genotype, 10 (20 %) for the TNF -308G/A heterozy-
gous genotype, and zero for the TNF -308A/A homo-
zygous genotype (table III). The group fell within 

values by 2 test for the genotype observed and 
expected for the polymorphism tested. We studied 
a total of 51 genotypes for the LTA +252G/A gene, 
with a general frequency of two (4 %) for the G/G 
homozygous genotype, 14 (29 %) for the G/A hetero-
zygous genotype, and 32 (67 %) for the A/A homozy-

not found. The general results for the TNF genotypes 

Table II Allelic frequency by group of individuals

Group n n p value OR

Allele  

     
Healthy       

Allele

     
Healthy       

p
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Table III
Group

n n n n n n n

            

Healthy                

n

Table IV
Healthy p value OR

n n

    
 
   
 

   
 

p

2 test for the genotype observed and expected for the 
polymorphism tested.

Discussion

In this study, the heterozygous genotype TNFA 
-308G/A (moderate TNF producer) presented 
with greater frequency in patients with T2D than 

-
cant. On the other hand, the homozygous genotype 
of TNFA 308G/G (TNF hypoproducer) was more  
frequent in healthy subjects than in patients. The 
group of subjects with T2D was studied by evolu-

-
ences were found in terms of TNF/LTA genotype 
frequency. Likewise, we found no statistical sig-

study groups.
It is pertinent to recall that this study was car-

ried out only in Mexican population, a popula-
tion that has not been reported with these single  
nucleotide polymorphisms (SNPs). The fact that  

 
risk for T2D in these variants is due to the population  
type studied, because the disease possesses a very 

et al.9 report that a 
subject who is TNF -308A/A homozygous genotype 
(TNF hyperproducer) has a 4.6-times greater risk 
(95 % CI, 1.613.3) of presenting T2D than a subject 
with the TNF -308G/G homozygous genotype (TNF 
hypoproducer). In Taiwanese population, a relation-
ship is not found for the TNF -308A/A genotype with 
the genesis of T2D, but a greater susceptibility to com-
plications such as atherosclerosis had been found.10  
Similarly, it has been mentioned that the genotypes 
of the promoter of TNF and T2D are controversial 
because there are discrepancies among the differ-
ent studies reported.28 Ethnic differences play a 
very important role, because distribution of TNF-
promoter polymorphisms is different among study 
subjects with diverse racial origin.10,11 In our study, 
in the group of patients with T2D, we did not detect 
subjects with the TNF -308A/A genotype, without a 
resemblance in terms of frequencies in other similar 
studies carried out in patients with diabetes. 
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we found an increased frequency in the heterozygous 

difference (p = 0.012), a number that is in agreement 
with the distribution found by Koch et al29 in Ger-
many in a group of patients with T2D, without report-
ing association with any genotype in particular. This 
differs from the results of Ishii et al.12, who found 
in Japan  only 3.3 % of patients with diabetes with 
the TNF -308G/A genotype, but who reported a ten-
dency toward the TNF -308G/G genotype in patients 
with insulin resistance. Wybranska et al.30 reported 
in Poland a greater frequency than that we found in 
our population of subjects with diabetes (46 % with 
the TNF -308G/A genotype,) as a risk factor for 
predisposing to insulin resistance, which leads us to 
think that this variable of the gene can be more fre-
quent in subjects with T2D and is found to be ethni-
cally conditioned. On the other hand, in Chilean and 
English patients, no association was found between 
T2D and TNF/LTA gene-region polymorphisms.31,32 

The polymorphism frequencies reported in the 
literature include, in their great majority, solely the 
TNF gene, mainly in the promoter region. Concerning 
the LTA gene, it has only been reported as associated 
with Gram negative-related diseases (among these, 
sepsis and multiple organ failure). In T2D, there are 

few reports that associate it with the pathogeny of 
the disease. Only Kankova et al.6 mention that they 
found a relationship of polymorphisms with low-den-
sity cholesterol and total cholesterol in the non-obese 

In conclusion, in our study, the most fre-
quently found genotype was TNFA -308G/A  
(moderate TNF producer) in the patients. These lev-

-
mation, and oxidative stress. A larger sample size is 
needed to study the association between gene poly-
morphisms and diseases. These results must be con-
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-

and the tumor necrosis factor alpha promoter 
-
 
 
 

-

lipid parameters in healthy non-obese Caucasian 

-

genotype as predictive factors in proliferative reti-

-

-

the risk of diabetes in an elderly population-based 

-

insulin sensitivity and abdominal fat distribution in 

plasma glucose in young, older, and diabetic Japa-

-
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-
sis factor alpha gene promoter are not associated 
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butes to insulin resistance and coronary arteriolar 
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para la disposición de sangre humana y sus com-

gene polymorphism to severe sepsis in trauma 
-

-

-

-
sed risk of preterm premature rupture of the fetal 

-
tor-alpha concentrations and outcome of patients 

-

-

-

-
ses serum triglycerides after postprandial lipaemia 

-
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