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A

disease related with genetic aspects is type 2
diabetes (T2D), which has an alarming prevalence in Mexican population. The prevalence for T2D is 14.42 % (7.3 million diabetics).1 In
addition, the majority of previously diagnosed subjects with diabetes are at levels of poor control.2
In relation to tumor necrosis factor (TNF) polymorphisms, there are controversies concerning the
participation of these genes in the development of
T2D, TNF,3-5 as well as for lymphotoxin D (LTA).6,7
There are studies that relate the TNF -308G/A gene
polymorphism with T2D and with other complications, 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 cardiovascular 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 proliferative 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 resistance and the metabolic syndrome13 are related with
the pathogenesis of intrauterine insuline resistance
and the birth weight in Danish Caucasian population.14 The excessive fat accumulation in women with
T2D15 is between the most prominent features associated to TNF genotype linked with common phenotyope 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
K\SRWKHVL]HGWRKDYHDQLQÀDPPDWRU\EDVLV17,18 Insulin resistance is associated with the increased plasma
OHYHOV RI SURLQÀDPPDWRU\ F\WRNLQHV VXFK DV 71)
and IL6, and with interactions between TNF and
NF-kE 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 polymorphisms for T2D. No studies have examined this topic
in Mexican-mestizo population and this is the aim of
this paper.
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Polimorﬁsmos genéticos del factor de necrosis tumoral y la linfotoxina D
en diabetes tipo 2
Objetivo: investigar la frecuencia de varian-
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Resultados: la distribución de genotipos en los
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Methods
A prospective study in healthy subjects and outpatients with T2D was conducted and followed along
a year. We selected 48 healthy subjects, who were
approved by the selection process established by the
RI¿FLDOPH[LFDQQRUPIRUGRQDWLRQRIEORRGDQGLWV
components,22 and 51 patients with T2D. All subjects
were above legal age, without autoimmune diseases,
ZLWKRXW KXPDQ LPPXQRGH¿FLHQF\ YLUXV +,9  DQG
without chronic diseases different from T2D at the
time of admittance into the study.
T2D patients belonged to the Internal Medicine
2XWSDWLHQW  6HUYLFH +RVSLWDO *HQHUDO ³*DXGHQFLR
*RQ]iOH]*DU]D´+RVSLWDOGH,QIHFWRORJtDDQG)DPily Medicine Unit 6 of the Instituto Mexicano del
Seguro Social+HDOWK\VXEMHFWVZHUHSLFNXSDWWKH
Banco Central de Sangre and laboratory tests were
performed at the Infectology Research Unit.
All patients were interviewed to gather information on general data. Additional information collected included time of evolution of the diagnosis of
T2D and date of inclusion in the study. Also, a letter 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.
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+HDOWK\ VXEMHFWV GLG QRW VLJQ WKH OHWWHU RI
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
ZDVGUDZQLQWRD9DFXWDLQHU™ tube (Becton, Dickinson, Franklin Lakes, NJ, US) with EDTA as anticoagulant to all subjects. We obtained peripheral-blood
mononuclear cells by centrifugation with the Ficoll
density gradient method.23
+HDOWK\ VXEMHFWV LQFOXGHG EORRG GRQRUV ERWK
sexes, younger than 60 years, apparently healthy at
the interview, clinical examination and self-exclusion
questionnaire, with negative serology for immunological and molecular biology: hepatitis B, hepatitis
C+,9LQIHFWLRQE\Trypanosoma cruzi and Treponema 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 PL of the TRIzol reagent (Gibco
BRL) according to the procedure described by Chomczynski;24 the reagent was a monophase solution of
guanidine thiocyanate and phenol. The DNA was
resuspended in 50 PL of distilled water after precipitation with ethanol at 75 %. This solution was heated
at 55 ºC for 20 min. Its absorbency relationship was
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Table I General characteristics of the study groups
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determined at 260/280 nm, and we took 5 PL for DNA
DPSOL¿FDWLRQE\SRO\PHUDVHFKDLQUHDFWLRQ 3&5 
Restriction fragment length polymorphism
(RFLP) genotypic analysis with Nco I: once the
genomic DNA was extracted, we proceeded to the
DPSOL¿FDWLRQ RI VSHFL¿F UHJLRQV RI HDFK SRO\PRUSKLVP :H DPSOL¿HG D  EDVHSDLU ES  IUDJPHQW
(positions 327 to 220) of the TNF promoter by PCR
RIHDFKVDPSOHZLWKSULPHUV$ ƍ$**&$$7$*
*7777*$***&&$7ƍ DQG$ ƍ7&&7&&
&7*&7&&*$77&&&ƍ 25 The A1 primer was
designed to incorporate the TNF polymorphic site in
an Nco1 restriction sequence. PCR was performed
in 2-mL tubes with (2 ng) of genomic DNA in 5 PL
of solution, which served as a mold for the 50-PL
reaction mixture. This reaction mixture contained
the following chemicals: 20 pM of each primer (A1
and 2) in 1 PL of solution, and 25 PL of Promega™
Master Mix that contains polymerase Taq, reaction
buffer, magnesium chloride, nucleosides, and 19 PL
RIQXFOHDVHIUHHZDWHU$PSOL¿FDWLRQZDVFDUULHGRXW
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,
DQG ¿QDOO\ IRU  PLQ DW  & 3&5 SURGXFWV ZHUH
digested overnight at 37 ºC with Nco1 at 4 international units (IU)/PL of reaction. Restriction patterns
ZHUH YLVXDOL]HG XQGHU XOWUDYLROHW 89  OLJKW DIWHU
HOHFWURSKRUHVLV  9 IRU  PLQ  LQ DJDURVH JHO DW
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1RQH

Urinary tract infection, hypertension

3.5 % dyed with ethidium bromide. Digestion by
1FRRIWKH3&5DPSOL¿HG'1$SURGXFHGWZRIUDJments: one of 20 base pairs (bp); the other of 87 bp of
the TNF 308G allele, and a sole 107-bp fragment of
the TNF -308A allele. In heterozygous, three bands
were observed: one of 107 bp, one of 87 bp, and a
third of 20 bp.
/7$ZHDPSOL¿HGDESIUDJPHQWRIJHQRPLF
DNA containing the Nco1 polymorphic site; this was
DPSOL¿HGE\PHDQVRI3&53&5ZDVFDUULHGRXWLQ
0.2-mL tubes with (2 ng) of genomic DNA in 5 PL of
solution, and the following chemicals served as template: 20 pM of each of the primers, including primer
 ƍ &&* 7*& 77& *7* &77 7** $&7 $ ƍ 
DQGSULPHU ƍ$*$****7**$7*&77**
*77&ƍ 26 in 1 PL of solution, 25 PL of Promega™
Master Mix that contains polymerase Taq, reaction
buffer, magnesium chloride, nucleosides, and 19 PL
RI QXFOHDVHIUHH ZDWHU :H SHUIRUPHG DPSOL¿FDWLRQ
in a Biometra™ thermocycler at the following times:
¿UVWDGHQDWXUDWLRQVWHSZDVFRQGXFWHGIRUPLQDW
95 ºC, followed by 37 cycles of a 30-sec denaturation
at 95 ºC, for 30-sec annealing at 57 ºC, and a 45-sec
H[WHQVLRQDW&$¿QDOH[WHQVLRQZDVSHUIRUPHG
for 6 min at 74 ºC. PCR product was digested with
10 IU/PL Nco1 of endonuclease during 4 h at 37 ºC.
5HVWULFWLRQ SDWWHUQV ZHUH YLVXDOL]HG XQGHU 89 OLJKW
DIWHU HOHFWURSKRUHVLV  9 IRU  PLQ  ZLWK  
agarose gel dyed with ethidium bromide. Digestion
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Table II Allelic frequency by group of individuals
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7' W\SHGLDEHWHV
6KRZLQJIUHTXHQFLHVSHUFHQWDJHVpYDOXHVRGGVUDWLRV 25 DQGFRQ¿GHQFHLQWHUYDOV &, 

E\ 1FR RI 3&5DPSOL¿HG '1$ SURGXFHG WKH IROlowing 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 fragments 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 (D, 0.05;
E, 0.20). Because we determined the two genotypes
(D and E) 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 subMHFWV7KHVWXG\ZDVDSSURYHGE\+RVSLWDOGH,QIHFWRORJtD 5HVHDUFK &RPPLWWHH 'HVFULSWLYH VWDWLVWLFV
utilizing central tendency and dispersion measurements as quantitative variables were used. To determine associations of the variables in the study groups,
we utilized contingency tables and independent F2 for
statistical analysis and the Wilcoxon sum of ranges
(the Mann-Whitney U WHVW  6WDWLVWLFDO VLJQL¿FDQFH
was considered with a p   2GGV UDWLR 25 
ZDV FDOFXODWHG ZLWK WKH   FRQ¿GHQFH LQWHUYDO
(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

Rev Med Inst Mex Seguro Soc. 2013;51(1):42-49

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
71)$ZHIRXQGQRVWDWLVWLFDOO\VLJQL¿FDQWGLIferences compared with healthy subjects (table II).
For the LTA gene, we studied 102 alleles in the T2D
group, of which 32 (31 %) corresponded to allele
/7$*SUHVHQWLQJDVWDWLVWLFDOO\VLJQL¿FDQWGLIference (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 heterozygous genotype, and zero for the TNF -308A/A homozygous genotype (table III). The group fell within
+DUG\:HLQEHUJ HTXLOLEULXP ZLWK QRQVLJQL¿FDQW
values by F2 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 heterozygous genotype, and 32 (67 %) for the A/A homozyJRXVJHQRW\SH WDEOH,,, 6WDWLVWLFDOVLJQL¿FDQFHZDV
not found. The general results for the TNF genotypes
DUHVKRZQLQWDEOH,97KHJURXSIHOOZLWKLQ+DUG\
:HLQEHUJHTXLOLEULXPZLWKQRQVLJQL¿FDQWYDOXHVE\
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Table III71)DQG/7$JHQRW\SHIUHTXHQF\E\JURXSRILQGLYLGXDOV
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n QXPEHURIJHQRW\SHV7' W\SHGLDEHWHV

F2 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
LQ KHDOWK\ VXEMHFWV DQG LW ZDV VWDWLVWLFDOO\ VLJQL¿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 evoluWLRQWLPHDJHDQGJHQGHUDQGQRVLJQL¿FDQWGLIIHUences were found in terms of TNF/LTA genotype
frequency. Likewise, we found no statistical sigQL¿FDQFHIRU/7$*$RQFRPSDULVRQZLWKWKH
study groups.
It is pertinent to recall that this study was carried out only in Mexican population, a population that has not been reported with these single
nucleotide polymorphisms (SNPs). The fact that

VHYHUDODXWKRUV¿QGRUGRQRW¿QGDUHODWLRQVKLSZLWK
risk for T2D in these variants is due to the population
type studied, because the disease possesses a very
LPSRUWDQWHWKQLFIDFWRU+HLMPDQVet 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 relationship is not found for the TNF -308A/A genotype with
the genesis of T2D, but a greater susceptibility to complications 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 different studies reported.28 Ethnic differences play a
very important role, because distribution of TNFpromoter 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.

Table IV*HQHUDOUHVXOWVRIWKHJHQRW\SHVREWDLQHGIURP71)JHQHV
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+RZHYHULQWKHJURXSRISDWLHQWVZLWKGLDEHWHV
we found an increased frequency in the heterozygous
JHQRW\SHRI SDWLHQWV ZLWKDVLJQL¿FDQW
difference (p = 0.012), a number that is in agreement
with the distribution found by Koch et al29 in Germany in a group of patients with T2D, without reporting 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 tendency 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 frequent in subjects with T2D and is found to be ethnically 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

a

8QLGDGGH,QYHVWLJDFLyQ0pGLFDHQ,QPXQRORJtDH

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-density cholesterol and total cholesterol in the non-obese
JURXSRIVXEMHFWV+RZHYHULQRXUVWXG\WKHUHZDV
QRVLJQL¿FDQWGLIIHUHQFHZLWKDQ\/7$JHQRW\SH
In conclusion, in our study, the most frequently found genotype was TNFA -308G/A
(moderate TNF producer) in the patients. These levHOVFDQEHDVVRFLDWHGZLWKLQVXOLQUHVLVWDQFHLQÀDPmation, and oxidative stress. A larger sample size is
needed to study the association between gene polymorphisms and diseases. These results must be con¿UPHGE\IXUWKHUVWXGLHVZLWKODUJHUVDPSOHVL]HV
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