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Abstract

Tumor necrosis factor o (TNF-«) is a proinflammatory cytokine that impairs insulin action and alters lipid metabolism. We investigated
the effects of genetic polymorphisms of TNF-x on circulating biomarkers of insulin resistance and lipid metabolism during an 8-hour
metabolic profile test and a 2-hour oral glucose tolerance test in subjects with type 2 diabetes mellitus. Subjects (N = 123) recruited were
type 2 diabetic men (n = 56) and women (n = 67) aged 36 to 75 years with a body mass index of at least 25 kg/m”. Blood samples were
collected to determine postprandial changes in circulating lipid levels and biomarkers of insulin resistance. Subjects were genotyped by
polymerase chain reaction-restriction fragment length polymorphism for the TNF-o0 —238G>A, —308G> A, and —863C> A polymorphisms.
Compared with subjects who were homozygous for the —238G allele, carriers of the —238A allele had an altered ability to suppress
postprandial free fatty acids as shown by an increased net incremental area under the curve (0.26 + 2.44 vs —1.33 + 271 mEqh™' L™, P =
.002) during the 8-hour metabolic profile test. This effect was observed in obese (1.04 + 2.42 vs —1.68 + 2.70 mEq h~' L™, P = .0004) but
not in non-obese (—0.63 + 2.20 vs —0.95 + 2.71 mEq h™' L™', P = .6) individuals. Among obese subjects, carriers of the —308A allele had
greater insulin resistance as estimated by the homeostasis model assessment of insulin resistance index (4.36 + 2.83 vs 2.85 £ 1.75, P =
.01), but no differences were observed among non-obese subjects (2.19 + 1.24 vs 1.97 + 0.90, P = .6). Our findings suggest that the
—238G>A and —308G>A polymorphisms of TNF-o alter circulating free fatty acids and insulin resistance in obese subjects with type 2
diabetes mellitus.
© 2007 Published by Elsevier Inc.

1. Introduction type 2 diabetes mellitus and cardiovascular disease [1].
There is growing evidence that chronic inflammation is
also an important feature of the metabolic syndrome [1].
Obese and diabetic individuals have elevated plasma levels
of tumor necrosis factor o (TNF-x), a multifunctional
regulatory cytokine involved in the inflammatory response

* Corresponding author. Tel.: +1 416 946 5776; fax: +1 416 978 5882. [2,3]. TNF-o is highly expressed in adipocytes [4] and
E-mail address: a.el.sohemy@utoronto.ca (A. El-Sohemy). inhibits insulin-signaling pathways [5], impairs peripheral

The metabolic syndrome is characterized by abdominal
obesity, increased fasting blood glucose, dyslipidemia, and
hypertension, and is associated with an increased risk of
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glucose uptake [6], increases hepatic gluconeogenesis and
lipogenesis [6,7], and alters the expression of major genes
that control glucose and lipid metabolism [8,9]. These
effects have been associated with insulin resistance and an
altered lipid profile that commonly occur in both obese
and diabetic individuals.

Three common genetic polymorphisms in the promoter
region of the TNF-o gene, —238G>A, —308G>A, and
—863C>A, have been shown to alter transcriptional
activity [10-14], ex vivo TNF-o production in stimulated
blood cells [11,15,16], and in vivo circulating levels of the
cytokine in humans [14]. Although TNF-o disrupts insulin
action and genetic polymorphisms modify the rate of TNF-
o transcription, the effects of polymorphisms in TNF-o on
insulin resistance and lipid metabolism have been equiv-
ocal [17-21]. This might be due to interactions between
genotypes and physiological conditions as well as envi-
ronmental factors such as diet [20]. The objective of this
study was to examine the effects of TNF-o genotypes on
circulating biomarkers of insulin resistance and lipid
metabolism during an 8-hour metabolic profile test after
the consumption of mixed meals and during a 2-hour oral
glucose tolerance test (OGTT) in subjects with type 2
diabetes mellitus.

2. Materials and methods
2.1. Subjects

Subjects were participants in the Canadian trial of dietary
Carbohydrate in Diabetes study. The study participants were
recruited over 1 year (2002-2003) in five cities across
Canada (Edmonton, London, Montreal, Sherbrooke, and
Toronto). Subjects (N = 123) recruited were men (n = 56)
and women (n = 67) with type 2 diabetes mellitus, aged
36 to 75 years, and with a body mass index (BMI) of at least
25 kg/m?. The diagnosis of diabetes was made according to
the Canadian Diabetes Association criteria, where subjects
had to have either fasting plasma glucose of 7.0 mmol/L or
higher, or plasma glucose of 11.1 mmol/L or higher at 2
hours after a 75-g OGTT within 2 months before the start of
the study. Their glycated hemoglobin (HbA;.) had to be
130% or less of the upper limit of normal of the local
hospital laboratory. Subjects were excluded if they were
taking antidiabetic medications, had a major cardiovascular
event or surgery within the previous 6 months before
enrolment into the study, had serum triglycerides (TGs)
greater than 10 mmol/L, had a major debilitating disorder
such as liver disease, renal failure, cancer, or gastrointestinal
disorder, or used a drug that was likely to alter gastrointes-
tinal motility and nutrient absorption or affect insulin
resistance. Eligible subjects were first scheduled for an
OGTT, and an 8-hour metabolic profile test was performed
2 weeks later. The study protocol was approved by the
ethics review committee at each participating institution and
informed consent was obtained from all subjects.

2.2. Metabolic tests

2.2.1. Oral glucose tolerance test

After a 12-hour overnight fast, blood samples were taken
at time 0, 30, 60, and 120 minutes after oral administration
of 75 g of glucose. Plasma insulin and glucose were
analyzed at each time point.

2.2.2. Eight-hour metabolic profile test

A metabolic profile test was performed to determine
postprandial changes in circulating levels of TGs, free fatty
acids (FFAs), glucose, and insulin. The test started at about
8 AM after a 12-hour overnight fast. Blood samples were
drawn to measure fasting levels of lipids, glucose, insulin,
HbA ., and high-sensitivity C-reactive protein (hs-CRP).
Subjects were then given a standard breakfast meal and
4 hours later a lunch meal. Both meals contained 55% of
energy from carbohydrate, 30% from fat, and 15% from
protein. Blood samples were obtained at hourly intervals for
a total of 8 hours. The energy intake received from breakfast
and lunch represented a total of 45% of their daily energy
requirements as estimated by the Lipid Research Clinic
equation [22].

2.3. Blood measurements

Fasting serum cholesterol and TGs were measured by
using the Technicon RA1000 (Bayer, Mississauga, Canada).
High-density lipoprotein (HDL) cholesterol was measured in
the supernatant after treatment of serum with dextran sulfate
magnesium chloride. Circulating FFA concentrations from
serum (fasted) and plasma (postprandial) were measured by
enzymatic activation by long-chain fatty acid-coenzyme A
ligase (Wako Chemical Industries, Dallas, TX). The FFA
intra- and interassay coefficients of variation were 1.9% and
3.4%, respectively. Apolipoprotein (apo) A-I and apo B were
measured by nephelometry, and serum CRP was determined
by using the Behring BN100 hs-CRP reagent (Dade-Behring,
Mississauga, ON, Canada). All of the above were measured at
the J. Alick Little Lipid Research Laboratory (Toronto, ON,
Canada). The hs-CRP cut points for cardiovascular risk are
less than 1.0 mg/L for low risk, 1.0 to 3.0 mg/L for average
risk, and greater than 3.0 mg/L for high risk [23]. Glycated
hemoglobin was assessed by high-performance liquid chro-
matography (Diamat HPLC, Bio-Rad Laboratories, Missis-
sauga, ON, Canada) at St Michael’s Hospital (Toronto, ON,
Canada). Plasma insulin was measured by electrochemilu-
minescence immunoassay and plasma glucose by hexokinase
Glucose HK Liquid at the University of Toronto Banting and
Best Diabetes Centre Core Laboratory (Toronto, ON,
Canada). Low-density lipoprotein (LDL) cholesterol was
calculated by using the Friedewald equation for samples with
TG values less than 4.52 mmol/L [24].

2.4. Genotyping

DNA was isolated from peripheral white blood cells by
using the GenomicPrep Blood DNA Isolation kit (Amer-
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Table 1
Clinical and metabolic characteristics of the study population (N = 123)

Variable

Men/women (n) 56/67
Age (y) 60.6 + 7.4
BMI (kg/m?) 30.8 + 43
Fasting glucose (mmol/L) 745 + 1.24
Fasting insulin (pmol/L) 57.7 £ 373
Total cholesterol (mmol/L) 4.98 + 0.97
HDL cholesterol (mmol/L) 1.18 £ 0.27
LDL cholesterol (mmol/L) 292 + 0.84
Total cholesterol/HDL ratio 439 £ 1.22
TG (mmol/L) 1.94 £+ 1.00
FFA (mEq/L) 0.59 + 0.23
Apo A-I (g/L) 1.57 £ 0.25
Apo B (g/L) 1.02 + 0.24
hs-CRP (mg/L) 4.68 + 6.35
HbA . (%) 6.18 + 0.62
HOMA-IR 322 +£ 220
HOMA-B 51.9 + 335
OGTT
Net iAUC —

Glucose (mmol min~' L") 713 + 181

Insulin (nmol min~" L") 25.1 +18.3
Metabolic profile
Net iAUC —

Glucose (mmol ' h™' L") 10.0 £+ 8.9

Insulin (mmol™' h™' L™ 1.52 + 0.90

TG (mmol ' h™" L™ 1.05 £ 1.96

FFA (mEqh™' L7 —0.90 + 2.73

Values are mean = SD. BMI indicates body mass index; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; TG, triglycerides; FFA, free fatty
acids; OGTT, oral glucose tolerance test; net iAUC, net incremental area
under the curve; HOMA-(IR or B), homeostasis model assessment of
insulin resistance of B-cell function; hs-CRP, high sensitive C-reactive
protein; HbA ¢, glycated hemoglobin C.

sham Pharmacia Biotech, Piscataway, NJ). Genotyping was
performed by polymerase chain reaction (PCR)-restriction
fragment length polymorphism analysis. Approximately 25
ng of DNA was amplified by thermal cycling using the
HotStar DNA polymerase kit (Qiagen, Mississauga, ON,
Canada) in 10 pL of PCR buffer containing 1.5 mmol/L
MgCl,, 0.2 mmol/L of each deoxyribonucleotide triphos-
phate (dNTP), 0.5 U Tagq, and 8 pmol of each primer. All
primers were synthesized by ACGT (Toronto, ON, Canada).
The TNF-o —308G>A polymorphism was genotyped as
previously described [18] by using the following primers: F
5-AGG CAA TAG GTT TTG AGG GCC AT-3' and R 5'-
TCC TCC CTG CTC CGA TTC CG-3'. The A allele
eliminates an Ncol restriction site. The primers amplify a
107-base-pair (bp) fragment that is cut into 87- and 20-bp
fragments with the G allele, but not the A allele. Polymerase
chain reaction conditions included an initial denaturation at
95°C for 15 minutes followed by 40 cycles of 94°C for
30 seconds, 60°C for 1 minute, and 72°C for 30 seconds,
with a final extension at 72°C for 7 minutes. The TNF-o
—863C>A polymorphism was detected under the same
PCR conditions using the following primers: F 5-GGC
TCT GAG GAA TGG GTT-3 and R 5-CTA CAT GGC
CCT GTC TTC GTT ACG-3' [25]. Samples were digested

with the BsaAl restriction enzyme, which cuts the 126-bp
fragment into 2 fragments of 103 and 23 bp in the presence
of the A allele. The TNF-oo —238G>A polymorphism was
detected as previously described [26] using the following
primers: F 5-AAA CAG ACC ACA GAC CTG GTC-3
and R 5-CTC ACA CTC CCC ATC CTC CCG GAT C-3'.
Polymerase chain reaction conditions were the same as
those used for the 2 other polymorphisms, except the
annealing temperature was 64°C for 30 seconds. The G to A
substitution eliminates a BamHI restriction site. The primers
amplify a 165-bp fragment that is cut into 123- and 42-bp
fragments with the G allele, but not with the A allele. After
restriction enzyme digestion (2 U), products were stained
with ethidium bromide, resolved by 3% NuSeive (3:1)
agarose gel electrophoresis, and visualized by using a
FluorChem UV imaging system.

2.5. Statistical analysis

All statistical analyses were performed by using SAS
software, version 8.02 (SAS, Cary, NC). Nonparametric
analyses were carried out because they do not require
transformation of nonnormally distributed variables that
could be due to the effect of genotypes. The Wilcoxon rank
sum test was used to assess differences in continuous
variables between genotypes and the y* test was used to
analyze categorical variables. The data were also stratified by
age (below/above median), sex (male/female), and BMI (less
than/greater than 30 kg/m?) to test whether they modified the
effects of the genotypes on circulating biomarkers of insulin
resistance and lipid metabolism. The net estimate of changes
over time from baseline in circulating glucose, insulin, TGs,
and FFA during the 8-hour metabolic profile test and the
2-hour OGTT was characterized by the net incremental area
under the curve (net iAUC). The net iAUC is calculated by
subtracting the rectangular area determined by the fasting
value (fasting X 8 hours) from the total area under the curve
[27] calculated using the trapezoid rule [28]. Because the
concentration of FFA often falls after a meal, the net IAUC is
usually negative but could be positive when postprandial
FFA plasma levels rise above baseline, resulting from either
decreased uptake of FFA or increased lipolysis from
adipocytes. Estimation of insulin resistance in the fasting
state was determined by using the homeostasis model
assessment of insulin resistance (HOMA-IR) and beta-cell
function (HOMA-B). The formulas used are as follows:
HOMA-IR = [fasting insulin (uU/mL) X fasting glucose
(mmol/L)]/22.5 and HOMA-B = [20 X fasting insulin
(xU/mL)]/[fasting glucose (mmol/L) — 3.5] [29]. Insulin
values were divided by a factor of 6.0 to convert picomoles
per liter to microunits per milliliter [30]. The acute insulin
response (Al3g.o/AGszg.9) was calculated as follows:
Alnsulinzg.g min (pmol/L)/AGlucoseso.g min (mmol/L) [20].
Missing values for the 8-hour metabolic profile test and the
OGTT were imputed by using a mathematical model of
the least squares estimate method [31]. Linkage disequilib-
rium between the genotypes was calculated with the Haplo-



652

B. Fontaine-Bisson et al. / Metabolism Clinical and Experimental 56 (2007) 649-655

Table 2
Comparison of clinical and metabolic characteristics among TNF-o —238G>A, —308G>A, and —863C>A genotypes (N = 123)
—238G>A —308G>A —863C>A
GG AA + GA P GG AA + GA P CC AA + CA P

Men/women (n) 38/53 18/14 22 37/43 19/24 .85 35/55 21/12 .01
Age (y) 605 + 73 604 + 79 .96 602 + 7.2 609 + 79 72 60.5 £ 7.5 603 + 7.2 .84
Fasting glucose (mmol/L) 7.56 £ 132 7.13 £ 096 .06 740 £ 1.29 755 £ 1.15 .58 748 + 1.32 7.35 £ 1.00 .90
Fasting insulin (pmol/L) 60.0 + 403 513 + 267 .42 53.1 £ 283 662 +49.1 22 55.8 + 31.3 632 + 50.7 .97
BMI (kg/m?) 31.0 £ 45 303 +£ 3.6 12 312 £ 42 30.1 £ 4.3 13 31.1 £ 4.4 30.0 £ 4.0 23
Total cholesterol (mmol/L) 501 £1.03 491 +£0.78 .70 5.00 + 0.93 494 +1.05 .95 4.87 £ 093 528 + 1.01 .03
HDL cholesterol (mmol/L) 1.19 £ 026 1.15+ 030 .42 1.16 = 0.24 123 £ 031 .32 1.19 £ 0.27 1.17 £ 026 .79
Total cholesterol/HDL 435 £ 124 450+ 1.18 41 443 + 1.02 430 £ 1.55 .20 428 + 1.14 469 £ 139 .10
LDL cholesterol (mmol/L) 293 +0.88 289+ 072 .93 2.95 + 0.85 2.86 £ 0.83 .86 2.85 + 0.81 3.11 £ 0.89 .19
TG (mmol/L) 1.94 £ 097 194 +1.07 .57 1.97 £ 0.83 1.87 £ 1.26 .19 1.85 £ 0.82 2,18 £ 134 .10
FFA (mEg/L) 0.61 £ 022 052+ 024 .05 0.58 £ 0.22 0.59 £ 024 .88 0.60 £ 0.24 0.56 £ 0.19 .44
Apo A-I (g/L) 1.58 £ 025 155+ 026 .51 1.55 £ 0.24 1.61 £ 027 .22 1.56 £ 0.23 1.58 £ 030 .77
Apo B (g/L) 1.02 £ 025 1.02+021 .93 1.03 £ 0.22 1.00 £ 0.28 .66 0.99 £ 0.24 1.10 £ 023 .01
hs-CRP (mg/L) 432 +£490 576 +£949 93 4.85 + 6.82 439 £ 547 84 4.49 + 5.09 520 + 893 .58
HbA,. (%) 6.23 £ 061 6.01 £0.61 .10 6.11 £ 0.58 6.30 £ 0.66 .19 6.18 + 0.64 6.15 +£ 056 .90
HOMA-IR 338 £ 234 277+ 167 .18 296 + 1.80 370 £ 275 .15 3.12 + 1.89 349 £ 292 98
HOMA-B 53.1 £362 485 +246 .88 48.7 £ 26.0 57.8 £ 439 .60 50.4 =+ 29.6 562 + 438 .89
OGTT
Net iIAUC —

Glucose (mmol min~' L") 711 + 188 716 + 163 .82 722 + 190 694 + 164 .40 717 £ 193 700 + 146 .77

Insulin (nmol min~"' L") 252 £ 195 247 + 143 94 24.1 £ 143 26.8 £ 242 95 249 + 16.1 25.6 £23.6 .51
Metabolic profile
Net iAUC —

Glucose (mmol ' h™' L") 105 + 93 85+75 34 10.8 + 8.2 8.6 +10.1 .08  10.1 +9.3 9.7 +81 .98

Insulin (nmol™' h™' L™ 1.58 £092 135+ 086 .21 1.49 £ 0.81 1.58 £ 1.07 .76 1.53 £ 0.85 1.52 £ 1.06 .52

TG (mmol ' h™' L™ 1.11 +1.86 091 +£2.23 .69 093 + 2.12 1.29 £ 1.59 .57 0.94 + 1.80 1.38 £ 233 24

FFA (mEqh ' L") —133 £ 271 026 +£244 002 —-096 %255 —-078 +£3.07 93 —1.09+2.65 —040+291 .33

Values are mean = SD. P values from Wilcoxon rank sum test.

view software package (http://www.broad.mit.edu/mpg/hap-
loview), but no common haplotypes were found. Analysis of
covariance was also performed to ensure that potential
confounders that differed between genotypes were
accounted for and did not change the effect of the genotype
on the outcome. Multiple regression models that accounted
for problems of colinearity were also used to assess whether
the genotype had a direct effect on postprandial FFA or
whether it was indirectly driven by insulin resistance
(assessed by fasting and postprandial [net iAUC] glucose
and insulin, HbA,,, HOMA-IR, and HOMA-B). For
parametric analyses, the bootstrap technique of sampling
with replacement was applied to non-Gaussian distribution
of the residuals of the models to generate confidence
intervals of the betas [32]. Departure of genotype distribu-
tions from Hardy-Weinberg equilibrium was assessed by
using the % test with 1 degree of freedom.

3. Results

Characteristics of the subjects are summarized in
Table 1. The variant allele frequencies were 14.6% for
the —238A allele, 19.6% for the —308A allele, and 15.0%
for the —863A allele. The distributions of the 3 genotypes
for each of the 3 single nucleotide polymorphisms (SNPs)
were in Hardy-Weinberg equilibrium. Table 2 shows the
mean £ SD of clinical and metabolic characteristics of

subjects by genotype for the 3 SNPs in the promoter
region of the TNF-o gene. Carriers of the —238A allele
had marginally lower fasting circulating levels of FFA
when compared with the GG genotype (P = .05; Table 2).
However, during the 8-hour metabolic profile test, carriers
of the —238A allele had an altered ability to suppress
plasma FFA as shown by an increased net iAUC (P =
.002; Table 2). Multiple regression analyses revealed that
the contribution of the TNF-oo —238G>A polymorphism
to postprandial FFA is independent of different measures
of insulin resistance (fasting and postprandial [net iAUC]
glucose and insulin, HbA,.,, HOMA-IR, and HOMA-B).
For the —308G>A polymorphism, no differences in blood
measurements were observed between genotypes. The
—863C>A polymorphism increased serum levels of total
cholesterol (P = .03) and apo B (P = .0l) in carriers of
the A allele compared with those with the CC genotype
(Table 2). Although a greater proportion of carriers of the
—863A allele were men, adjusting for sex in an analysis of
covariance did not materially alter the results (data not
shown). No differences in plasma insulin or glucose were
observed between genotypes for the 3 polymorphisms
during the OGTT (Table 2).

Stratified analyses were performed to determine whether
any associations were modified by age, sex, or BMI. Only
BMI appeared to modify the association between TNF-o
genotypes and certain biomarkers. Among obese individuals
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Fig. 1. Effect of the TNF-o —238G>A polymorphism among non-obese
(BMI <30, n = 60) (top), and obese (BMI >30, n = 63) (bottom)
individuals on postprandial plasma FFA concentrations (mEq/L) and net
incremental AUC (net iAUC) (mEq h™' L™") during an 8-hour metabolic
profile test. The black arrows ( T ) indicate the mealtime. Values are mean +
SEM. *Means between genotypes are significantly different, P < .05 from
the Wilcoxon rank sum test.

(BMI >30 kg/m?, n = 63), carriers of the —238A allele had
increased FFA net iAUC during the 8-hour metabolic profile
test compared with those with the GG genotype (1.04 =+
242 vs —1.68 + 270 mEq h~' L™', P = .0004) (Fig. 1). In
non-obese individuals (BMI <30 kg/m?, n = 60), no effect
of the —238A allele was observed on postprandial circulat-
ing FFA net iAUC (—0.63 + 2.20 vs —0.95 + 2.71 mEqh ™"
L', P = .6). Although no association was found between
the —308G>A polymorphism and HOMA-IR in the entire
population (P = .15; Table 2), obese individuals who were
carriers of the A allele had an increased HOMA-IR index
when compared with obese subjects with the GG genotype
(4.36 + 2.83 vs 2.85 + 1.75, P = .01). No differences in the
HOMA-IR index between genotypes were observed among
nonobese individuals (2.19 £ 1.24 vs 1.97 £ 0.90, P = .6).
The Als.o/AG3g.9, which is an indicator of the acute insulin
response, was also significantly increased in obese carriers of
the —308A allele compared with those with the GG genotype
(42.1 £ 33.0 vs 24.4 £+ 15.1, P = .04). No difference was
observed between the —308 genotypes in the non-obese
subjects (P = .32). Regardless of the genotype, obese
individuals had increased insulin resistance when compared

with nonobese individuals, as they had a significantly higher
HOMA-IR, as well as plasma levels of fasting and
postprandial insulin (data not shown).

The 3 polymorphisms were not in linkage disequilib-
rium because the r? values were all close to zero.
However, analyses with combined genotypes were per-
formed and revealed that the difference in the postprandial
plasma FFA in obese individuals was due to the presence
of the —238A allele, independent of the other 2 SNPs
(data not shown). Thus, it appears that the genotypic
effect on the postprandial FFA response is explained
solely by the —238 polymorphism. This effect remained
significant after applying a Bonferroni correction for
multiple comparisons.

4. Discussion

The purpose of this study was to investigate the effects
of TNF-a polymorphisms on postprandial changes in
circulating biomarkers of insulin resistance and lipid
metabolism in subjects with type 2 diabetes mellitus. Our
results demonstrate that among obese individuals, carriers
of the —238A allele have a decreased ability to suppress
postprandial levels of circulating FFA. It is possible that the
overexpression of TNF-o in adipocytes of obese individ-
uals [4] may have enhanced the difference in the rate of
TNF-o transcription between the different alleles, which
could explain why the effects were observed only among
obese individuals. Suganami et al [33] recently showed that
a paracrine loop involving FFAs and TNF-o between
adipocytes and macrophages creates a cycle that aggravates
inflammatory changes in the adipose tissue. Furthermore,
the production of TNF-a was even greater with larger
adipocytes [33]. This finding provides further support for
the observed effect among obese, but not non-obese,
individuals. Elevated levels of TNF-a have also been
shown to increase circulating levels of FFA in mice and
humans [34,35] and to have adverse effects on insulin
action [5,6]. Using multiple regression analyses, we found
that the effect of TNF-o on postprandial FFA was
independent of insulin resistance, but this hypothesis
remains to be tested.

Two previous studies have investigated the postprandial
effects of only one of the TNF-a polymorphisms at position
—308G>A on biomarkers of insulin resistance or lipid
metabolism after a single high-fat meal [20,21]. Wybranska
et al [20] found no clear effects of the —308G>A
polymorphism on postprandial blood insulin, TGs, or
FFA. Nicaud et al [21] only measured changes in
postprandial serum TG and observed no differences between
genotypes. Our data are consistent with those observations
because we found no effects of the TNF-o —308G>A
polymorphism on circulating levels of glucose, insulin, TGs,
or FFA in the postprandial state after the consumption of
mixed meals. The effect we observed with the TNF-o
—238G> A polymorphism on postprandial circulating levels
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of FFA may involve transcription factors that require
nutrients as activators and bind uniquely to this region of
the promoter to increase the levels of TNF-o.

The effects of TNF-a on glucose and lipid metabolism
have been shown to vary under different experimental
conditions [34,36]. For example, Green et al [36] found that
neither TNF-¢ nor glucose alone induced lipolysis in
cultured adipocytes, but a combination of both had a
marked lipolytic effect. Memon et al [34] demonstrated
that in fasted mice, the injection of TNF-o did not exert a
stimulatory effect on lipolysis or alter serum FFA levels, but
increased serum FFA by more than 50% in fed mice.
Evidence from human studies has also demonstrated an
interaction between TNF-o genotypes and various dietary
factors on TNF-o production and the risk of developing type
2 diabetes mellitus [37,38]. Thus, it appears that the effects
of TNF-« on various metabolic pathways may depend on
certain environmental factors such as diet.

In obese carriers of the —308A allele, we found an
increased HOMA-IR index, which is a measure of insulin
resistance in the fasted state, and an increased Alzg.o/AG30.0,
which is an indicator of early insulin secretion. Wybranska
et al [20] also found an increase in some, but not all, indices
of insulin resistance in obese individuals who were carriers
of'the —308A allele. Other studies that investigated the effect
of the —308G>A polymorphism on HOMA-IR found no
differences between genotypes [19,39], but analyses among
obese individuals alone were not performed. In the present
study, obese individuals were more insulin resistant than
nonobese individuals. Insulin resistance or obesity could
potentiate the effects of TNF-o polymorphisms, and failure
to account for these factors could explain some of the
inconsistencies in results observed between different studies.
For example, Pihlajamaki et al [40] studied the effect of the
—308 polymorphism on glucose and lipid oxidation during a
euglycemic clamp in normal-weight and overweight healthy
subjects. They found that normal-weight (BMI <26 kg/m?)
carriers of the —308A allele had a higher rate of glucose
oxidation, but no change in lipid metabolism. Overweight
(BMI >26 kg/m®) carriers of the —308A allele, however,
had no difference in the rate of glucose oxidation, but a
greater rate of lipid synthesis and an enhanced ability to
suppress FFA [40]. Although we did not measure the rate of
lipid synthesis or glucose oxidation during the OGTT or the
8-hour metabolic profile test, we found no association
between the TNF-o0 —308G> A genotypes and the postpran-
dial glucose or FFA response. During an OGTT, the
—308G>A polymorphism has been shown to be associated
with insulin resistance in some studies [18,20,21], but we
and others found no such associations [17,19]. Although it
has been reported that the polymorphism at position
—308G>A increases transcriptional activity in vitro [10],
the functional significance of this polymorphism has been
shown to vary depending on the experimental conditions
used [41]. These observations suggest that a variety of
conditions could affect the functional significance of the

polymorphism and may also explain some of the inconsistent
findings of this SNP on insulin resistance.

Studies investigating the functional significance of the
—238G>A and —863C>A polymorphisms have also
shown that the variant allele could either increase or
decrease transcriptional activity [11-14]. This may explain,
in part, why carriers of the —238A allele in the fasted state
had lower circulating levels of FFA, but higher plasma
levels of FFA, in the postprandial state. The —863A allele
resulted in greater fasting serum levels of total cholesterol
and apo B, which is consistent with in vitro studies showing
that the A allele increases gene expression under certain
conditions [13]. Moreover, rats that were injected with TNF-
o had increased hepatic production and greater serum
concentrations of cholesterol [7,42]. No effects of the
—238G>A or —863C>A polymorphisms were observed
on biomarkers of insulin resistance during the OGTT, which
is consistent with findings from previous studies [17,25].
Because the effects of the polymorphisms of TNF-o have
not been examined under similar experimental conditions in
nondiabetic subjects, it is not clear whether our findings are
specific to diabetic individuals.

In summary, our findings suggest that the —238A allele
impairs postprandial suppression of circulating FFA and the
—308A allele increases insulin resistance, but only in obese
individuals. These findings provide further evidence for a
role of genotypes affecting proinflammatory cytokines in
metabolic disturbances related to the metabolic syndrome
and type 2 diabetes mellitus.
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