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Association hetween genetic variants in the

3' untranslated region of the gene encoding

type 2 tumor necrosis factor receptor (TNFRSF1B)
and long-term diabetic complications in obese
patients with type 2 diabetes

Abstract

Background. Tumor necrosis factor-alpha system seems to
be involved in pathogenesis of chronic diabetic complica-
tions and genetic background may modulate its activity. The
aim of the study was to evaluate a possible relationship be-
tween the polymorphism in the 3" untranslated region (3’
UTR) of the TNFRSF1B gene and body weight, insulin resist-
ance, insulin secretion and prevalence of diabetic complica-
tions in obese patients with type 2 diabetes.

Methods. One hundred and fifteen obese patients with at
least 10-year history of type 2 diabetes were characterized
clinically and the polymorphism in the 3° UTR of the
TNFRSF1B gene was assessed by direct DNA sequencing.
Five TNFRSF1B haplotypes were identified and differences
between respective haplotype carriers and non-carriers
were analyzed.

Results. No difference between the groups in variables de-
scribing body weight, insulin resistance and insulin secre-
tion was found. Diabetic retinopathy was more frequent in
patients with A2 haplotype and prevalence of myocardial
infarction was higher in individuals with A1 haplotype as
compared to respective non-carriers.

Conclusions. In obese patients with long-lasting type 2
diabetes some genetic variants in the 3 UTR of the
TNFRSF1B gene are associated with prevalence of diabet-
ic retinopathy and myocardial infarction. The results sup-
port hypothesis on a possible role of genetic heterogeneity
in the TNFRSF1B gene in pathogenesis of chronic compli-
cations of diabetes.
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Introduction

Tumor necrosis factor-alpha (TNFe) is considered as one
of the main cytokines implicated in inflammatory responses.
Under chronic hyperglycemia endogenous TNF« produc-
tion is accelerated in microvascular and neural tissues and
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through different mechanisms may lead to development of
lesions characteristic for diabetic microangiopathy and po-
lyneuropathy [1]. Several observations link inflammation
and TNFea with development of insulin resistance, a crucial
element in the pathogenesis of type 2 diabetes, but also
with endothelial dysfunction, hypertension [2] and lipid ab-
normalities. Therefore it is possible that the TNFa system is
directly or indirectly involved in development of chronic dia-
betic complications. Indeed, in many studies an association
between the TNFa system and various microvascular and
macrovascular complications was reported, both in type 1
and type 2 diabetes [3-6].

Most of the responses to TNFa are mediated by two
membrane receptors, TNFR1 (p55) and TNFR2 (p75).
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After binding the cytokine to TNFR1 or TNFR2, a proteo-
lytic cleavage of the extracellular parts of these recep-
tors elicits the soluble forms, named sTNFR1 and
STNFR2 [7]. Kulseng et al. observed that in patients with
type 1 diabetes serum levels of both soluble receptor
types increased with severity of diabetic complications
[8]. Unlike sTNFR1, sTNFR2 was shown to be increased
in patients with peripheral vascular disease and in survi-
vors of a myocardial infarction [9].

In order to explain a role of the TNF« system in pa-
thogenesis of diabetic complications it is important to
investigate factors potentially influencing its function.
One of such factors is a genetic background. Several
polymorphisms in the TNF«, TNF receptor 1 and TNF
receptor 2 genes were described and reported to mo-
dulate the risk of diabetic retinopathy [10-12], nephro-
pathy [13] and of coronary artery disease [14-17]. In
the TNFRSF1B locus several mutational variants have
been described. A microsatellite marker in intron 4 of
the TNFRSF1B gene was reported to be associated with
essential hypertension, hypercholesterolemia [2], coro-
nary artery disease [16], and with susceptibility to fami-
lial combined hyperlipidemia [18]. In patients with type
2 diabetes genetic variation in or near TNFRSF1B locus
has been suggested to predispose for clinical neuropa-
thy, reduced glycosylated hemoglobin, and increased
HDL-cholesterol [19]. However in another study in pa-
tients with type 2 diabetes none of variants in intron 4 of
the TNFRSF1B gene predisposed to microvascular dia-
betic complications, although one of the variants was
associated with elevated plasma HDL-cholesterol [6]. In
the same study the finding of no association with diabe-
tic complications was related also to a single nucleotide
polymorphism at codon 196 (ATG > AGG, Met > Arg)
in exon 6 of the TNFRSF1B gene [6].

Another polymorphism of the TNFRSF1B gene was
described in the 3' untranslated region (UTR) [20]. It was
shown that some variant alleles in this region were asso-
ciated with obesity and insulin resistance in patients with
type 2 diabetes [21]. Recently, Puga et al. [22] investiga-
ted whether the polymorphism in the 3° UTR of the
TNFRSF1B gene could affect expression of the gene
using reporter constructs in lymphoid Jurkat T cells. Re-
sults of the study suggest that an increased rate of TNFR2
mRNA degradation, protecting cells from unrestrained
TNFa effects, is weakened in carriers of one of haploty-
pes, which may result in increased levels of TNFR2
expression and enhanced effects of TNFa in subjects
carrying the haplotype. The findings may indicate that
some variants in the 3’ UTR of the TNFRSF1B gene inde-
ed affect the TNF« system activity and may influence the
development of chronic diabetic complications.

Since analysis of more homogenous groups of pa-
tients in a clinical trial searching for genotype/pheno-type

associations should improve its sensitivity and patho-
genesis of carbohydrate metabolism abnormalities in
type 2 diabetes may be different in lean and in obese
individuals, we decided to study only obese diabetic
patients.

The aim of the present study was to evaluate a possi-
ble relationship between the polymorphism in the
3’ untranslated region of the gene for TNFRSF1B and
body weight, insulin resistance, insulin secretion and
the presence of chronic diabetes complications in obe-
se patients with long-lasting type 2 diabetes.

Material and methods

One hundred and fifteen consecutive patients (54
men and 61 women) who had a body mass index (BMI)
> 30 kg/m? and a documented 10-years or longer histo-
ry of type 2 diabetes were recruited for the study from a
Regional Diabetic Center. The study protocol was ap-
proved by the institutional Ethics Committee. All sub-
jects gave informed consent before their enroliment into
the study. A detailed interview with special emphasis on
a history of diabetes and medication used was conduc-
ted with all the patients. A presence of diabetic compli-
cations was evaluated on a basis of funduscopy (perfor-
med by ophthalmologist), foot examination (palpation
of pulse on peripheral arteries and testing sense abnor-
malities), electrocardiography, microalbuminuria (RIA,
ImmunoTech, Czech Republic) and serum creatinine
determination (Jaffe method). Diabetic nephropathy was
diagnosed in patients with microalbuminuria over
30 mg/day only when a presence of diabetic retinopa-
thy had been confirmed. Diabetic neuropathy was dia-
gnosed on the basis of the interview and finding of vi-
bration or pain sense abnormalities on physical exami-
nation. The diagnosis of ischemic heart disease (IHD)
required a history of one of the following: 1) a history of
myocardial infarction; 2) coronary angioplasty; 3) by-
pass surgery; 4) presence of coronary lesions on angio-
graphy or 5) presence of typical symptoms of angina
pectoris on interview together with typical changes on
electrocardiography. Brain stroke was diagnosed on the
basis of data in medical records of a patient, including
CT scan of brain results confirming the diagnosis. All
the patients underwent a physical examination with eva-
luation of body mass index (BMI) and waist/hip ratio
(WHR). Measurements of biochemical parameters inclu-
ded glycated hemoglobin A, in blood (HbA,,, measu-
red by HPLC, Bio-Rad Laboratories Inc, California, USA),
serum glucose (enzymatic method, Cormay, Poland),
C-peptide, soluble TNFR2 (RIA, BioSource Europe, Bel-
gium), triglycerides, total cholesterol and its fractions
(enzymatic method, Cobas Integra, Roche Diagnostics,
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Table 1. Characterization of variants in 3’UTR (exon 10) of the TNFRSF1B gene and frequency of these variants in the study group

Table 1a. Frequency of TNFRSF1B haplotypes in the study group

Nucleotides Sequence Haplotype* Frequency
1663-1668-1690 GTT A 0.47
ATC A2 0.24
AGT A3 0.04
ATT A4 0.13
GTC A5 0.12
Table 1b. TNFRSF1B diplotypes in the study group
Diplotype Number of subjects Diplotype Number of subjects Diplotype Number of subjects
A1/A1 23 A2/A2 3 A3/A4 0
A1/A2 29 A2/A3 2 A3/AS 1
A1/A3 7 A2/A4 6 A4/p4 5
A1/A4 13 A2/A5 12 A4/AS 0
A1/A5 13 A3/A3 0 A5/A5 1

*According to Puga et al. [22]

Switzerland). In all the patients g-cell function was esti-
mated by measurement of serum C peptide basal levels
and 6 minutes after intravenous stimulation with 1 mg of
glucagon (GlucaGen HypoKit, Novo Nordisk, Denmark).
On the day of the glucagon test the patients were advi-
sed not to take their medications in the morning and to
present on fasting between 7:00 and 9:00 AM for blood
taking. The patients were on their usual diet with no
special recommendations concerning physical activity.
To characterize -cell function more precisely a HOme-
ostatic Model Assessment 2 (HOMA2) was applied (Hol-
man et al., 2004). C-peptide and glucose concentra-
tions measured during glucagon stimulatory test were
used for assessment of parameters describing insulin
secretion (HOMA2-%B) and insulin sensitivity (HOMA2-
-%S). To calculate all the parameters we used C-pepti-
de concentration as a surrogate of insulin concentra-
tion, since a part of the patients was treated with insulin
injections.

Genotyping

Genomic DNA was isolated from peripheral blood
leukocytes with nonenzymatic and nonorganic method
with use of 2% Triton X-100 solution [23]. DNA was
amplified with specific flanking primers for the 3’ UTR of
TNFR2 (TNFRSF1B gene) as described previously by
Fernandez-Real et al. [21]. The forward primer was as
follows: 5’-AGGACTCTGAGGCTCTTTCT-3'. The rever-
se primer was as follows: 5-TCACAGAGAGTCAGG-

GACTT-3'. For genotyping of three single nucleotide po-
lymorphisms at positions 1663, 1668 and 1690 (593,
598 and 620 according to the reference 21) from trans-
cript start (rs1061624, rs5030792 and rs3397, respecti-
vely) a method of direct DNA sequencing was used.

Statistical analysis

We identified five haplotypes of the TNFRSF1B gene
(A1-A5) (Table 1) [22] and for a further evaluation we
divided our study group according to the type of the
haplotype (Table 1). The software STATISTICA version
7.1 (StatSoft Inc., Tulsa, OK, USA) was used for databa-
se management and statistical analysis. Hardy-Wein-
berg equilibrium was assessed by »* analysis. The rela-
tionship of genotype with various parameters was test-
ed by presence or absence of the analyzed haplotype
(i.e. A1 versus non-A1, A2 versus non-A2, etc). Since
distribution of most of analyzed continuous variables
differed significantly from normal distribution (Shapiro-
-Wilk’s test) non-parametric Mann-Whitney test was used
to check for significance of differences between haplo-
type groups. The differences in nominal variables be-
tween respective haplotype carriers and non-carriers
were analyzed with Fisher exact test. Univariate and
multivariate (adjusted for age, gender, HbA,; and diabe-
tes duration) logistic regression models were used to
study the associations between TNFRSF1B haplotypes
and clinical parameters. P-value of < 0.05 was conside-
red as statistically significant.
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Results

The distribution of genotypes was consistent with
Hardy-Weinberg equilibrium for all three loci (P = 0.25,
1.0 and 0.69 for polymorphisms at position 1663, 1668
and 1690, respectively). No significant difference be-
tween the analyzed groups in such variables as age,
gender, BMI, WHR, diabetes duration, creatinine, trigly-
cerides, total cholesterol and LDL-cholesterol was
found (Table 2). However, unlike for other haplotypes,
A2-allele carriers were more often (P = 0.052) treated
with insulin in comparison to non-A2 carriers (Table 2
and Table 3). Also in univariate and multivariate logistic
regression models the higher number of A2 alleles was
associated with higher probability of insulin treatment
(Table 4). The analysis of results of the intravenous glu-
cagon stimulatory test did not show any significant dif-
ference between the analyzed groups in serum glucose
and C-peptide before and after stimulation as well as
HOMA2%-B and HOMA2%-S (Table 2).

The evaluation of long-term complications of diabe-
tes did not reveal a difference in prevalence of diabetic
nephropathy and neuropathy between the analyzed
groups. However, diabetic retinopathy (but not prolife-
rative retinopathy) was significantly more frequent in pa-
tients with the haplotype A2 as compared with non-A2
carriers (Table 3). In univariate and multivariate logistic
regression models the number of A2 alleles was also
significantly associated with presence of retinopathy
(Table 4).

Diabetic macroangiopathic complications like brain
stroke and peripheral artery disease occurred with simi-
lar frequency in all the groups. Also prevalence of coro-
nary heart disease did not differ between carriers and
non-carriers of all analyzed haplotypes. However, pre-
valence of past myocardial infarction was significantly
higher (P = 0.035) in haplotype A1 carriers (25%: 21 out
of 84 individuals — no data available for 1 patient) com-
pared to non-A1 individuals (7%: 2 out of 30 individu-
als). In univariate logistic regression model odds ratio
for increased prevalence of past myocardial infarction in
individuals carrying A1 allele was significant (OR: 4.67;
95% Cl: 1.01-21.63; P = 0.047). In multivariate logistic
regression analysis, after adjustment for patient’s age,
gender, HbA,, and diabetes duration, the association
was of borderline significance (OR: 4.35; 95% CI: 0.91—
-20.75; P = 0.062).

Discussion

The results of our study demonstrate for the first time
that polymorphisms in the 3* UTR of the TNFRSF1B
gene are associated with development of chronic

complications of diabetes. We found that the presence
of the haplotype A2 may predispose to development of
diabetic retinopathy. The fact that A2-haplotype carriers
were significantly more often treated with insulin than
non-A2 carriers suggests more advanced insulin secre-
tion failure or more problems with metabolic control.
The duration of diabetes and glycemic control are well
established risk factors for the development of diabetic
retinopathy [24, 25]. However we were not able to de-
monstrate any difference in HbA., in fasting serum glu-
cose and in parameters describing insulin secretion and
insulin resistance between the carriers and non-carriers
of the A2 haplotype. Also duration of diabetes was simi-
lar in both groups. Another possibility is that the predi-
sposition to development of diabetic retinopathy is rela-
ted mainly to an inflammatory process with changed
activity of the TNFa system. Joussen et al. [26] demon-
strated that nonsteroidal anti-inflammatory drugs pre-
vent early diabetic retinopathy via TNFa suppression.
Since soluble TNFR2 has been proposed as the best
predictor of the TNFa system activity [27] and in pa-
tients with type 1 diabetes higher serum levels of
STNFR1 and sTNFR2 were observed in individuals with
proliferative retinopathy than in those without retinopa-
thy [5], we measured serum sTNFR2 levels in patients
participating in our study. We found no difference in
serum STNFR2 concentrations between carriers and
non-carriers of the A2 haplotype. However only in a few
patients proliferative retinopathy was present. It is possi-
ble that in our relatively small study group severity of
retinal changes in patients with retinopathy was not suf-
ficient to enable detection of differences in serum
sTNFR2 levels. In our study we did not find an associa-
tion between any of analyzed haplotypes and prevalen-
ce of proliferative diabetic retinopathy (Table 3), per-
haps due to too small number of individuals with this
complication.

Another interesting finding is more frequent inciden-
ce of myocardial infarction in A1 haplotype carriers com-
pared to non-A1 individuals, suggesting that the pre-
sence of this haplotype of the TNFRSF1B gene may
increase a risk of this complication. There are observa-
tions suggesting a role of changed TNFa system activity
in the pathogenesis of myocardial infarction. In rats gene
transfer of the soluble TNFa receptor 1 to the heart re-
duced the TNFe bioactivity in the cardiomyocytes and
thereby protected the myocardium from acute myocar-
dial infarction in vivo [28]. In human plasma TNF« levels
were shown to be elevated early on the course of acute
myocardial infarction and treatment with the anti-TNF«
monoclonal antibody decreased area of necrosis, indi-
cating that TNF« release contributed to myocardial inju-
ry [29]. Genetic reports evaluating relationship between
various polymorphisms in the TNFRSF1B gene and
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Table 3. Prevalence of diabetic retinopathy and insulin treatment with regard to A2 haplotype in 3'UTR (exon 10) of the TNFRSF1B gene

Group n Combination of haplotypes P value**
A2/A2 A2/non-A2 Non-A2/non-A2

Retinopathy* 53 2 (3.8%) 26 (49.0%) 25 (47.2%) 0.031

No retinopathy* 51 0 (0%) 16 (31.4%) 35 (68.6%)

Proliferative retinopathy* 9 0 (0%) 5 (56%) 4 (44%) 0.49

No proliferative retinopathy* 95 2 (2%) 37 (39%) 56 (59%)

Insulin treatment 72 3 (4.2%) 35 (48.6%) 34 (47.2%) 0.052

No insulin treatment 43 0 (0%) 14 (32.6%) 29 (67.4%)

*Ophthalmological evaluation done in 104 patients out of 115; **P values for the difference between carriers and non-carriers of A2 haplotype (Fisher exact test)

Table 4. Univariate and multivariate logistic regression models predicting odds ratios for presence of retinopathy and for insulin treatment in

relation to the number of TNFRSF1B A2 alleles

Diabetic retinopathy

Logistic regression model

Number of TNFRSF1B A2 alleles*

OR (95% CI) P
Univariate 2.52(1.16-5.45) 0.018
Multivariate** 2.90 (1.17-7.17) 0.020

Insulin treatment

Logistic regression model Number of TNFRSF1B A2 alleles*

OR (95% CI) P
Univariate 2.38 (1.12-5.06) 0.023
Multivariate** 2.54 (1.06-6.06) 0.033

*The number of A2 alleles (0, 1 or 2) was the independent variable, therefore odds ratios express the increased prevalence of retinopathy or frequency of insulin treatment as-
sociated with each copy of A2 allele; **adjusted for patient’s age, gender, HbA,, and diabetes duration

coronary artery disease have yielded inconsistent re-
sults. Sankar et al. [17] found an association between a
polymorphism at position 196 in exon 6 of TNFRSF1B
gene and development of coronary artery disease in an
Indian population, whereas in a study in a British cohort
the same polymorphism was not associated with the
disease [30]. In another group of non-diabetic individu-
als Benjafield et al. [16] observed an association of a
microsatellite marker in intron 4 of the TNFRSF1B gene
(TNFRSF1B) with incidence of the coronary artery dise-
ase and suggested that genetic variation in or near the
TNFRSF1B locus may predispose to the disease. How-
ever in a study in patients with type 2 diabetes the
only complication associated with TNFRSF1B was cli-
nical neuropathy, but not retinopathy or myocardial
infarction [19].

On the basis of available data we cannot speculate
on possible mechanisms linking genetic variants in the
3’ UTR of TNFRSF1B gene with different prevalence of
diabetic retinopathy or myocardial infarction. Nevertheless
results of our study support hypothesis on a possible role
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of genetic heterogeneity in TNFRSF1B gene in the pa-
thogenesis of chronic complications of diabetes.
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