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Summary. Objective: To investigate the influence of trans-

membrane tumor necrosis factor (TNF)-a on adipose tissue

development and insulin-mediated glucose metabolism.

Methods and results: TNF-a and lymphotoxin-a-deficient mice

expressing non-cleavable transmembrane TNF-a (Tg-tmTNF-

a) and TNF-a/lymphotoxin-a double knockout (control) mice

were kept on high-fat diet for 15 weeks. The food intake and

feeding efficiencyofTg-tmTNF-amicewere significantly higher

compared with control mice. At the end of the study, Tg-

tmTNF-a mice had a significantly higher total body weight, as

well as subcutaneous and gonadal adipose tissue mass.

Histological analysis revealed that the expression of Tg-

tmTNF-a resulted in a significantly increased adipocyte area

and blood vessel density. Plasma leptin levels correlated

positively with adipose tissue mass. The plasma levels of total

cholesterol and HDL-cholesterol were significantly increased

and LDL-cholesterol levels significantly decreased in Tg-

tmTNF-a mice. Fasting blood glucose and plasma insulin

levels were not different between the two genotypes and

intraperitoneal glucose and insulin tolerance tests did not show

significant differences. Conclusions: Transmembrane TNF-a
enhances adipose tissue formation without altering insulin-

mediated glucosemetabolism inmicewith nutritionally induced

obesity.

Keywords: glucose metabolism, insulin, obesity, transmem-

brane tumor necrosis factor-a.

Obesity is a common disorder in Western type societies; by

current estimates about 30% of US adults are obese and

another 35% are overweight [1]. Obesity is a major risk factor

for dyslipidemia, Type 2 diabetes mellitus and hypertension

and it can directly or indirectly cause thrombotic complications

and heart disease. Its strong association with insulin resistance

has been firmly established in animal models and in humans [2].

Tumor necrosis factor (TNF)-a is a candidate mediator of

insulin resistance in obesity. Its adipose tissue mRNA and

protein levels are increased in obese rodents and humans [3],

and decrease following weight reduction [4]. Mice lacking

TNF-a show lower plasma insulin levels and decreased insulin

resistance in high-fat diet (HFD) or gold thioglucose-induced

obesity models [5,6]. Ob/ob mice with targeted mutations in

both p55 and p75 TNF receptors are as obese as control ob/ob

mice, but plasma insulin levels are lower and insulin sensitivity

is improved [5]. Plasminogen activator inhibitor-1 (PAI-1) is

produced by the adipose tissue and its expression is enhanced

by TNF-a; PAI-1-overexpressing mice show attenuated nutri-

tionally induced obesity [7]. TNF-a also induces expression of

leptin, which is a satiety factor regulating food intake; its

plasma levels correlate with degree of obesity [8].

TNF-a exists as a 26-kDa transmembrane form that is

cleaved by the TNF-a converting enzyme (TACE or ADAM-

17) to yield a 17-kDa soluble molecule; TACE expression was

observed in murine adipose tissue [9]. Recently, it was shown

that in adipose tissue of obese mice and humans TNF-a occurs

predominantly in the transmembrane form [10], possibly

explaining the lack of association of circulating TNF-a levels

with obesity in humans [4]. Furthermore, inhibition of TNF-a
shedding with a matrix metalloproteinase inhibitor (KB-

R7785) was shown to improve insulin-mediated glucose

metabolism [11,12]. In this study, we have investigated the

impact of transmembrane TNF-a on adipose tissue formation

and glucose metabolism in mice with nutritionally induced

obesity. As a model we have used transgenic mice expressing a

mutated non-cleavable transmembrane form of TNF-a, there-

fore lacking circulating TNF-a [13].

Materials and methods

Diet model

Transgenic mice deficient in both TNF-a and lymphotoxin-a
(LT-a), but expressing non-cleavable transmembrane murine
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TNF-a (Tg-tmTNF-a), and TNF-a/LT-a double knockout

(control) mice (mixed C57Bl/6j · 129SvEv genetic back-

ground) were a kind gift of C. Mueller (University of Bern,

Switzerland) [13]. These mice expressed a transmembrane

TNF-a with mutations at the three known cleavage sites. Five-

week-old male mice (n ¼ 9 for controls and n ¼ 10 for

Tg-tmTNF-a mice) were kept in microisolation cages on a 12-h

day–night cycle and fed water and a HFD ad libitum as

previously described [14]. Weight of the mice and food intake

were measured every 3 days during 15 weeks. Feeding effi-

ciency was calculated as the increase in body weight per kcal

food intake. Physical activity was measured during the last

week of the diet study, as described [15]; data are represented as

number of cycles per 12 h at night (n ¼ 4 for each genotype).

Blood was collected from the retroorbital sinus with addition of

trisodium citrate (final concentration 0.01 mol L)1). At the end

of the diet period, following overnight fasting the mice were

anesthetized by interperitoneal (i.p.) injection of 60 mg kg)1

Nembutal (Abbott Laboratories, North Chicago, IL, USA).

Intra-abdominal (gonadal, GON) and inguinal subcutaneous

(SC) fat pads were removed and the wet weight determined.

Liver, kidney, lungs and quadriceps muscles were also removed

and frozen at )80 �C.

All animal experiments were approved by the university

ethics committee and were performed in accordance with the

guiding principles of the American Physiological Society and

the International Society on Thrombosis and Haemostasis [16].

Metabolic parameters

PAI-1 antigen levels were measured with a specific home-made

ELISA [17]. Insulin (Mercodia, Uppsala, Sweden) and leptin

(R&D Systems, Abingdon, UK) antigen levels were determined

with commercial ELISA kits. Blood glucose concentrations

were measured using Glucocard strips (Menarini Diagnostics,

Florence, Italy) and triglyceride and cholesterol levels were

evaluated using routine clinical assays. Lipid extracts of

adipose tissue were prepared according to Folch et al. [18].

For i.p. glucose and insulin tolerance tests, after an overnight

fast, glucose (3 mg g)1 body weight) or insulin (0.5 mU g)1)

was injected into the peritoneal cavity. Blood was collected via

the tail vein and glucose levels were measured before and 15, 30,

45, 60, 90 and 120 min after injection.

Morphometric and histological analysis

The number of adipocytes and their mean size were determined

by computer-assisted image analysis on 10-lm paraffin sections

of SC and GON adipose tissue examined by fluorescence

microscopy. The extracellular matrix between adipocytes was

found to have autofluorescent properties, probably due to its

high collagen content. For each animal, three areas in four

different sections were analyzed; the data were first averaged

per section and then per animal. Blood vessels were visualized

by staining paraffin sections with the biotinylated Bandeiraea

(Griffonia) Simplicifolia BSI lectin (Sigma-Aldrich, St Louis,

MO, USA) followed by signal amplification with the Tyramide

Signal Amplification Cyanine System (Perkin Elmer, Boston,

MA, USA). For each mouse, at least 12 randomly selected

fields in nine to 12 sections were analyzed by computer-assisted

image analysis, and data were then averaged. Lectin-positive

areas were expressed in percent of total section area.

mRNA determinations

Total DNA-free RNA from GON and SC adipose tissue and

from skeletal muscle samples was prepared using the RNeasy

mini kit (Qiagen,Valencia,CA,USA)andRNAconcentrations

were determined using the RiboGreen RNA quantification kit

(Molecular Probes, Eugene, OR, USA). RNA samples from

nine mice were pooled and the mean expression level of murine

TNF-a, p55 and p75 TNF-a receptors was determined by

semiquantitative reverse transcriptase-polymerase chain reac-

tion (RT-PCR) using the GeneAmp Thermostable RNA PCR

kit (Applied Biosystems, Foster City, CA, USA) using

the following primer pairs: TNF-a, forward primer GGGCC

ACCACGCTCTTC, reverse primer CCTCCACTTGGTG

GTTTGCT AC; p55 TNFR, forward primer TGCAG

GGTTCTTTCTGAGAGAAAG, reverse primer GGATA

GAAGGCAAAGACCTAGCAAG; p75 TNFR, forward

primer GACTGTGAGGCAAGCATGTATACC, reverse

primer TCGACAGCTGCCAGAATGG. Results were nor-

malized to 28S rRNA levels, as described previously [19].

Statistical analysis

Data are generally expressed as mean ± SEM. For the

metabolic parameters data are given as median ± SEM.

Statistical significance between groups is evaluated using non-

parametric t-testing. Correlation analysis is performed using

the non-parametric Spearman’s rank correlation coefficient.

Values of P < 0.05 are considered statistically significant.

Results

Diet study

At the start of the diet, transgenic mice expressing non-

cleavable Tg-tmTNF-a and double TNF-a/LT-a knockout

mice (controls) had a comparable total body weight (Table 1

and Fig. 1). When fed a HFD for 15 weeks Tg-tmTNF-a mice

gained more weight, resulting in a significantly higher total

body weight at the end of the study. The weight of isolated SC

and GON fat pads was also significantly higher (Table 1),

whereas the weight of other tissues including liver, kidneys and

lungs was not different (not shown), indicating that enhanced

adipose tissue growth is not aspecifically caused by increased

body growth. The triglyceride content in the liver of Tg-tm

TNF-a mice was higher than in control mice (13 ± 0.9 vs.

8.8 ± 0.6 mg g)1 tissue; mean ± SEM, n ¼ 10; P < 0.001).

Based on the weight of the GON fat pad [20], the percentage of

body fat in Tg-tmTNF-a mice was estimated at 3.5 ± 0.24%
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vs. 1.4 ± 0.15% in controls (n ¼ 9 or 10; P ¼ 0.00002). The

average food intake and the feeding efficiency appeared

significantly higher for Tg-tmTNF-a mice compared with

controls (Table 1 and Fig. 1). The average physical activity of

Tg-tmTNF-a mice on HFD was significantly lower than that

of the controls (960 ± 560 cycles 12 h)1 vs. 4960 ± 840

cycles 12 h)1, P < 0.05); these determinations showed a large

variability but were on average 5-fold lower in Tg-tm TNF-a
mice.

Adipose tissue cellularity

Histological analysis of SC and GON fat pads obtained from

mice fed a HFD for 15 weeks suggested that adipocytes were

larger in Tg-tmTNF-a mice than in controls. Morphometric

analysis confirmed that the number of adipocytes was signifi-

cantly lower in Tg-tmTNF-a mice, whereas their diameter was

larger (Fig. 2). Thus, the mean adipocyte areas of both SC and

GONadipose tissueofTg-tmTNF-amicewere larger (by290%

and 170%, respectively) than those of control mice (Table 1),

and the mean volume of adipocytes in both SC and GON fat

pads of Tg-tmTNF-a mice was about 3.5-fold enhanced. The

lipid (triglyceride) content in SC or GON adipose tissue of Tg-

tmTNF-a mice (68 ± 9 or 93 ± 19 mg g)1 tissue) was signi-

ficantly higher compared with control mice (21 ± 6 or

40 ± 8 mg g)1 tissue; mean ± SEM, n ¼ 9; P < 0.05).

Staining of adipose tissues with an endothelial cell-specific

lectin revealed smaller stained areas in SC adipose tissue of Tg-

tmTNF-a mice vs. controls (Fig. 2). Quantitative analysis

confirmed a significantly lower blood vessel density and smaller

total stained area in SC, but not in GON tissue of Tg-tmTNF-a
mice. However, after normalization to the adipocyte density,

blood vessel density was higher in both SC and GON adipose

tissue of Tg-tmTNF-a mice (Table 2).

Metabolic parameters

Blood glucose, plasma PAI-1 antigen and triglyceride levels

were comparable for both genotypes (Table 3). Plasma insulin

levels were somewhat but not significantly higher in the

Table 1 Effect of transmembrane tumor necrosis factor (TNF)-a
expression on total body weight and adipose tissue mass in mice after

15 weeks of high-fat diet

Control Tg-tmTNF-a

Initial weight (g) 16 ± 0.4 16 ± 0.7

Final weight (g) 28 ± 0.8 33 ± 1.2**

Weight gain (g) 12 ± 1.0 16 ± 0.8**

Food intake (g day)1) 2.6 ± 0.07 3.2 ± 0.08**

Feeding efficiency (mg kcal)1) 8.6 ± 0.3 10 ± 0.6*

Adipose tissue (mg)

SC 280 ± 32 660 ± 81**

GON 380 ± 43 1150 ± 110***

Adipocyte number (mm2))1

SC 970 ± 120 330 ± 40***

GON 380 ± 47 210 ± 18**

Adipocyte area (lm2)

SC 1180 ± 160 3410 ± 380***

GON 2930 ± 370 5070 ± 420**

Data are mean ± SEM of nine or 10 experiments. *P < 0.05;

**P < 0.01; ***P < 0.001 vs. control. SC, subcutaneous; GON,

gonadal.

Fig. 1. Growth curve (A) of Tg-tmTNF-a (j) and control (h) mice. Mice were kept on high-fat diet (HFD) for 15 weeks and total body weights are

shown (n ¼ 9 or 10). Food intake in g day)1 per mouse (B) is also shown for Tg-tmTNF-a (m) and control (D) mice. *P < 0.05; **P < 0.01 vs. controls.
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Tg-tmTNF-a group. Total cholesterol and HDL-cholesterol

levels were significantly elevated in the plasma of Tg-tmTNF-a
mice, whereas LDL-cholesterol levels were significantly

reduced (Table 3). Plasma leptin levels were elevated in

Tg-tmTNF-a mice, although due to large interindividual

variability statistical significance was not reached. Leptin levels

correlated well with total body weight, SC and GON adipose

tissue mass in Tg-tmTNF-a mice (total body weight, r ¼ 0.74,

P ¼ 0.037; SC tissue mass, r ¼ 0.90, P ¼ 0.002; GON tissue

mass, r ¼ 0.79, P ¼ 0.021), as well as in both genotypes

pooled (total body weight, r ¼ 0.67, P ¼ 0.003; SC tissue

mass, r ¼ 0.86, P ¼ 0.00001; GON tissue mass, r ¼ 0.80,

P ¼ 0.0001), but not in the control group (total body weight,

r ¼ 0.41, P ¼ 0.27; SC tissue mass, r ¼ 0.61, P ¼ 0.081;

GON tissue mass, r ¼ 0.56, P ¼ 0.11).

Expression of TNF-a and TNF-a receptors

Semiquantitative RT-PCR confirmed expression of TNF-a
mRNA in SC and GON adipose tissue and in skeletal muscle

(quadriceps) of Tg-tmTNF-a mice, whereas it was undetectable

in controlmice (Fig. 3).Determination ofTNF-amRNA levels

in adipose tissue ofmice at 5 weeks of age andafter 15 weeks on

HFD did not reveal a marked effect of the HFD on its

Fig. 2. Staining with the Bandeiraea Simplicifolia lectin of subcutaneous (A,B) or gonadal (C,D) adipose tissue of Tg-tmTNF-a (A,C) and control (B,D)

mice. Blood vessels are visualized as white structures.

Table 2 Characterization of blood vessels in subcutaneous (SC) and gonadal (GON) adipose tissue of Tg-tmTNF-a and control mice kept on high-fat diet

for 15 weeks

SC GON

Control Tg-tmTNF-a Control Tg-tmTNF-a

Stained areaa 8.0 ± 1.1 3.8 ± 0.7* 3.2 ± 0.5 2.1 ± 0.2

Vessel densityb 560 ± 74 270 ± 27* 220 ± 20 180 ± 11

Vessel sizec 150 ± 19 140 ± 15 150 ± 20 120 ± 9

Vessel density/adipocte densityd 0.58 ± 0.02 0.83 ± 0.03** 0.60 ± 0.05 0.87 ± 0.05**

aLectin-stained area in percent of the total area. bNumber of vessels per mm2 tissue. cVessel size in lm2. dNumber of vessels normalized to adipocyte

density, which was calculated as number of adipocytes per mm2 tissue. Data are mean ± SEM of nine or 10 experiments. *P < 0.01; **P < 0.001

vs. control.
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expression (mRNA level, normalized to 28S rRNA, was

decreased by 40% in SC tissue and increased by 57% in GON

tissue). TNF-a receptors p55 andp75were expressed inbothSC

andGONadipose tissue and in skeletalmuscle samples, and the

mean expression levels were similar for the two genotypes.

Systemic glucose and insulin tolerance

Intraperitoneal glucose tolerance tests were performed 2 weeks

before the end of the diet study. Maximal blood glucose levels

were achieved 30 min after the injection in both genotypes,

whereafter glucose concentrations decreased gradually with

time (Fig. 4A). Glucose levels did not differ significantly

between the two genotypes, although there was a trend towards

higher glucose levels in the Tg-tmTNF-a group after 2 h.

Glucose levels at 2 h correlated with SC and GON adipose

tissue mass (P ¼ 0.031 and P ¼ 0.032), but this correlation

disappeared after adjustment of glucose levels for body weight.

Insulin tolerance tests also yielded similar results for both

genotypes (Fig. 4B).

Discussion

To investigate a potential role of tmTNF-a in adipose tissue

formation and glucose metabolism we have used a murine

model of nutritionally induced obesity with transgenic mice

deficient in both TNF-a and LT-a, but expressing non-

cleavable transmembrane murine TNF-a [13]. We thus have a

model lacking circulating TNF-a (Tg-tmTNF-a mice) and

controls of the same genetic background. tmTNF-a can

activate the p55 and p75 TNF receptors via cell–cell interac-

tions [13,21]. TNF-a and LT-a are two homologous proteins,

which can form homotrimers and activate both TNF receptors

[22]. However, LT-a is also able to bind two lymphotoxin-b
molecules and this membrane-bound heterotrimer has a

distinct receptor, LTbR [23,24]. Studies with knockout mice

revealed that the activities of TNF and LT in vivo are indeed

overlapping, although there are considerable differences in

several tissues, including peripheral lymphoid organs, such as

spleen, lymph nodes and gut-associated lymphoid tissues [25].

The phenotypic defects in LT knockout mice are generally

much more severe than in TNF-deficient mice. In order to

study the exclusive effects of tmTNF-a on adipose tissue

formation and to avoid compensation by LT-a, we selected

mice expressing tmTNF-a in an LT-a-deficient background.

Mice expressing only tmTNF-a gained weight faster than

controls when fed a HFD during 15 weeks. Their adipose tissue

Table 3 Effect of transmembrane tumor necrosis factor (TNF)-a expres-

sion on metabolic parameters in mice after 15 weeks on high-fat diet

Control Tg-tmTNF-a P-value

PAI-1 (ng mL)1) 1.9 ± 0.15 1.9 ± 0.23 0.755

Triglycerides (mg dL)1) 32 ± 2.6 42 ± 5.2 0.079

Total cholesterol (mg dL)1) 98 ± 5.7 109 ± 4.8* 0.018

LDL-cholesterol (mg dL)1) 8.5 ± 1.3 3.0 ± 0.98* 0.015

HDL-cholesterol (mg dL)1) 84 ± 4.9 97 ± 4.5** 0.003

Glucose (mg dL)1) 77 ± 7.0 106 ± 11 0.10

Insulin (pg mL)1) 565 ± 200 1222 ± 260 0.10

Leptin (pg mL)1) 2300 ± 350 6200 ± 3100 0.055

Data are median ± SEM of nine or 10 experiments. *P < 0.05;

**P < 0.01 vs. control.

Fig. 3. Expression of TNF-a, p55 and p75 TNF-a receptors in subcuta-

neous (SC) and gonadal (GON) adipose tissue and in the quadriceps

muscle of Tg-tmTNF-a (Tg) and control (C) mice kept on high-fat diet

(HFD) for 15 weeks. Lane ()) indicates a blank control without sample,

and (+) indicates a positive control (spleen). Expression levels are nor-

malized to 28S rRNA, and mean values are indicated below the panels.

Fig. 4. Intraperitoneal glucose (A) and insulin (B) tolerance tests in Tg-tmTNF-a (j) and control (h) mice after high-fat diet (HFD) for 15 weeks. Blood

glucose levels (in mg dL)1) are plotted against time. Data are mean ± SEM of five and six experiments.
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areawas largermainlyasa resultof adipocytehypertrophy.This

observation differs from the results of Xu et al. [26], who found

that mice producing tmTNF-a were leaner than controls. This

discrepancy may be explained by several differences in experi-

mental settings: (i) in the studyofXu et al. themicewerekept on

a standard chow, whereas we used a HFD to induce obesity; (ii)

Xu et al. used the aP2promoter toobtain adipose tissue-specific

expression of tmTNF-a, whereas in our mice the expression of

tmTNF-a is under the control of its physiological promoter,

allowingproduction bydifferent organs andmore physiological

regulationof expression;and (iii) themiceused in this studywere

also deficient in LT-a, which could thus not influence effects of

tmTNF-a on adipose tissue formation.

When produced at high concentrations in vivo TNF-a
contributes to cachexia, a condition characterized by extensive

weight loss and reduction of adipose tissue mass [27]. Further-

more, many in vitro experimentswith different preadipocyte cell

lines revealed that administration of TNF-a causes a dose-

dependent inhibition of preadipocyte differentiation [28,29]. On

the other hand, different murine diet models did not show a

significant increase in thedevelopmentof adipose tissue inTNF-

a-deficient and TNF-a receptor-deficient mice compared with

wild types [5,6]. In one study p75TNF-a receptor-deficientmice

were even significantly leaner after 16 weeks of HFD [30].

TNF-a may thus have different effects in vivo compared with in

vitro situations, which may depend on its local concentration,

the availability of its receptors, and the presence of other

modifying factors. We confirmed expression of TNF-a mRNA

in adipose tissue of the Tg-tmTNF-a mice, and observed

comparable expression of p55 and p75 receptors in adipose

tissue of both genotypes. In our experiments, the stimulatory

effect of tmTNF-a on the development of adipose tissue during

HFD was associated with increased food intake and feeding

efficiency and decreased physical activity. TNF-a among other

cytokines has a considerable impact on regulation of feeding. Its

mRNA, protein and its receptors are present in several brain

regions, including the hypothalamus, which contains numerous

orexigen and anorexigen centers [31]. Many studies showed that

enhanced expression of TNF-a contributes to anorexia in

disease [32].Asamemberof the cytokinenetwork itsproduction

is increased in response to immune stimulation. Among other

effects it inhibits feeding after peripheral or central administra-

tion [33]. However, it is unclear which regions of the central

nervous system are responsible for the anorectic effects of

TNF-a,whichmechanismscontrolling food intakeare involved,

and whether TNF-a must be in its soluble form to cause

anorexia. The influence of LT-a on feeding was less intensively

studied. In one report intracerebrovascular administration of

LT-a resulted in anorexia in rats [34]. Our study suggests that

TNF-a, if confined to the cell membrane, causes increased food

intake in LT-a-deficient mice on HFD. The mediators in the

hypothalamus involved in this effect remain to be determined.

Histological analysis showed that the mean area of adipo-

cytes was significantly larger in Tg-tmTNF-a mice, whereas the

lectin-stained area and the vessel density were significantly

smaller in SC adipose tissue of Tg-tmTNF-a mice. The

decrease of lectin-stained area and vessel density is likely to

be caused by the dilution effect resulting from the increased

adipocyte size. When these parameters were normalized to

adipocyte density, the lectin-stained area was significantly

larger in SC adipose tissue and the vessel density was larger in

both SC and GON adipose tissues of Tg-tmTNF-a mice. Thus,

individual adipocytes may get a higher blood supply, which

may contribute to the faster growth of adipose tissue.

We found slightly increased triglyceride and significantly

higher cholesterol levels in the plasma of Tg-tmTNF-a mice.

TNF-a increases hepatic synthesis of triglycerides in rats and

inhibits synthesis of lipoprotein lipase, both of which may

result in hypertriglyceridemia [35]. In rodents and rabbits

cholesterol production is induced by infection and other

inflammatory conditions, which may be due to an increase in

de novo hepatic cholesterol synthesis [36]. Interestingly, we

found significantly increased HDL- and decreased LDL-

cholesterol in the plasma of Tg-tmTNF-a mice. In several

studies administration of TNF-a decreased the expression and

activity of lecithin:cholesterol acyltransferase (LCAT), which

may have accounted for the decreased plasma HDL levels [37].

In our mice the exclusive effect of tmTNF-a may be enough to

increase cholesterol levels, but may not be able to inhibit

plasma LCAT activity leading to a higher plasma HDL

concentration. Inhibition of tmTNF-a cleavage may thus be

beneficial for the lipid profile. Plasma leptin levels were

increased, although not significantly, in Tg-tmTNF-a mice.

Leptin levels correlated well with total body weight and with

SC and GON adipose tissue mass in Tg-tmTNF-a mice, but

not in the control group. This may be explained by the fact that

control mice had very similar total body weights and adipose

tissue masses; thus it was difficult to make a correlation with

plasma leptin levels. Our data indicate that the relationship

between plasma leptin levels and adiposity is preserved in Tg-

tmTNF-a mice, suggesting that the expression of transmem-

brane TNF-a does not impair leptin secretion.

Insulin-mediated glucose metabolism was investigated by

measuringbloodglucose andplasma insulin levels andperform-

ing i.p. glucose and insulin tolerance tests. These experiments

showedthat insulin-mediatedglucosemetabolismisonlyslightly

impaired in theTg-tmTNF-aanimals.This is consistentwith the

results of Xu et al. [26], who found only a non-significant

improvement of systemic glucose metabolism in tmTNF-a-

producing mice despite local insulin resistance. These authors

concludedthattmTNF-a, inhibitingadiposetissuedevelopment,

only indirectly affected systemic glucose metabolism. Our data

also suggest that expression of tmTNF-a does not extensively

influence glucose metabolism and that the modifications are

related to enhanced adipose tissue formation. This is supported

by the finding of a weak correlation between glucose levels 2 h

after i.p. glucose injection and adipose tissue mass in both

genotypes, which disappears after adjustment for body weight.

In conclusion, this study showed that tmTNF-a, in the

absence of LT-a, increased weight gain and adipose tissue mass

of mice on HFD. The influence of LT-a on these parameters

may be evaluated in subsequent diet studies.
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