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Introduction

Obesity is frequently associated with insulin resistance and
abnormal glucose homeostasis. Recent studies in animal
models have indicated that TNF-ci plays an important role
in mediating the insulin resistance of obesity through its
overexpression in fat tissue. However, the mechanisms link-
ing obesity to insulin resistance and diabetes in humans
remain largely unknown. In this study we examined the
expression pattern of TNF-a mRNAin adipose tissues from
18 control and 19 obese premenopausal womenby Northern
blot analysis. TNF-a protein concentrations in plasma and
in conditioned medium of explanted adipose tissue were
measured by ELISA. Furthermore, the effects of weight
reduction by dietary treatment of obesity on the adipose
expression of TNF-a mRNAwere also analyzed in nine pre-
menopausal obese women, before and after a controlled
weight-reduction program.

These studies demonstrated that obese individuals ex-
press 2.5-fold more TNF-a mRNAin fat tissue relative to
the lean controls (P < 0.001). Similar increases were also
observed in adipose production of TNF-a protein but circu-
lating TNF-ao levels were extremely low or undetectable. A
strong positive correlation was observed between TNF-a
mRNAexpression levels in fat tissue and the level of hyper-
insulinemia (P < 0.001), an indirect measure of insulin
resistance. Finally, body weight reduction in obese subjects
which resulted in improved insulin sensitivity was also asso-
ciated with a decrease in TNF-a mRNAexpression (45%,
P < 0.001) in fat tissue. These results suggest a role for the
abnormal regulation of this cytokine in the pathogenesis
of obesity-related insulin resistance. (J. Clin. Invest. 1995.
95:2409-2415.) Key words: cytokines * fat * non-insulin-
dependent diabetes mellitus * weight loss * insulin action
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Obesity is the most commonmetabolic disease in the industrial
world and affects > 30% of the adult population in the U.S.
( 1). Furthermore, obesity is a major risk factor for non-insulin-
dependent diabetes mellitus (NIDDM)' and > 80%of NIDDM
patients in the USA are obese (1). Since insulin resistance is
a ubiquitous correlate of obesity and an important component
of NIDDM, insulin resistance is generally considered a major
pathophysiological link between these two disorders (2, 3). In
addition, insulin resistance is also believed to play a role in
other pathological states associated with obesity including dys-
lipidemias, atherosclerosis, hypertension, and cardiovascular
disorders (3, 4). Although the importance of the link between
obesity and insulin resistance has long been recognized, (4) the
molecular basis of this connection has remained elusive.

TNF-a is a pluripotent cytokine primarily, but not exclu-
sively, produced from macrophages (5-7). In addition to its
role in host defense, TNF-a also has important effects on whole
body lipid and glucose metabolism (7, 8). Wehave previously
demonstrated that fat tissue is a significant source of endoge-
nous TNF-a production and the expression of this cytokine in
adipose tissue is elevated in most of the models of rodent obesity
examined to date (9-11). This abnormal expression of TNF-
a in adipose tissue plays a critical role as a mediator of periph-
eral insulin resistance in rodent obesity, and neutralization of
TNF-a in obese and insulin-resistant animals results in signifi-
cant increases in peripheral insulin sensitivity (9).

Recent studies have indicated that defective signaling from
the insulin receptor is an important component of insulin resis-
tance associated with obesity in both animal models and humans
(12-16). Studies on TNF-a-mediated insulin resistance in cul-
tured cells as well as in whole organisms have also demonstrated
that TNF-a induces insulin resistance, at least in part, through
its ability to inhibit intracellular signaling from the insulin re-
ceptor (17, 18). Moreover, this inhibition can be reversed by
neutralizing TNF-a in vivo (19).

The expression of TNF-a in the adipose tissue of obese
humans has not been examined to date. Here we demonstrate
that the expression of TNF-a in adipose tissue is significantly
elevated in human obesity and this elevation is strongly corre-
lated with the level of hyperinsulinemia, which in the presence
of normoglycemia, is a marker of insulin resistance (2).

1. Abbreviations used in this paper: BMI, body mass index; NIDDM,
non-insulin-dependent diabetes mellitus.
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Methods

Patients and controls. Westudied 37 premenopausal females, (18 lean
and 19 obese, recruited in University of Eastern Virginia Medical School
and Huddinge Hospital, Department of Medicine, Huddinge, Sweden)
between the ages of 25 and 45. The characteristics of the subjects are
summarized in Table I. Inclusion criteria for subjects included: (a)
Body mass index (BMI = weight in kilograms divided by the square
of height in meters) > 30 kg/M2 for obese and < 25 kg/M2 for lean;
(b) mixed Caucasian ethnic background; (c) absence of any systemic
disease; (d) absence of any infections; (e) absence of current medication
affecting glucose homeostasis or sympathetic nervous system; and (f )
absence of weight change of > 10% in the last 3 mo. All subjects had
a medical history and a physical examination before participating in the
study. For baseline studies, venous blood samples were collected after
a 10-h fast, plasma was separated immediately, and aliquots were kept
refrigerated at 40C or frozen at -80'C. Subcutaneous fat tissues were
obtained from the abdominal region by a fat biopsy performed under
local anesthesia, and immediately frozen in liquid nitrogen for future
mRNAanalysis. In additional studies, abdominal subcutaneous adipose
tissues were obtained intraoperatively from six lean (BMI = 24.9±1.2
kg/M2) and nine obese (BMI = 39.3±2.2 kg/M2) female patients under-
going elective surgery (Huddinge Hospital, Sweden). The lean subjects
were operated on because of gallstones. None had jaundice and all were
drug free. The obese subjects underwent gastric binding because of their
obesity and were otherwise healthy and drug free. The subjects were
fasted overnight and only saline was given intravenously before the
fat biopsy. Anesthesia was induced with a short-acting barbiturate and
maintained with a mixture of oxygen, nitrous oxide, and fentanyl. After
the biopsy, the fat tissues were immediately processed and used for
TNF-a protein measurements.

In parallel, nine obese female subjects (recruited at the Karolinska
Institute, Department of Medicine, Huddinge, Sweden) were studied
before and after a weight reduction program targeting a 17% decrease
in BMI. The subjects were otherwise healthy and drug free. They had
not undertaken a slimming diet for at least 1 y before the study. All
subjects were sedentary. They were given a liquid protein diet (500
kCal/d) supplemented with vitamins, essential fatty acids, and minerals
(Nutrilette®, Nycomed Pharma, Oslo, Norway) for 12 wk. They then
returned to an isocaloric standard diet. The subjects were investigated
at two occasions: first, immediately before the weight reduction program
and second, 4-6 wk after they had finished the 12-wk weight reduction
program. At the latter time, body weight was stable for at least 3 wk.
Venous blood samples and abdominal subcutaneous fat tissues (by fat
biopsy under local anesthesia) were obtained after an overnight fast.
The left and right sides were used in a randomized order. The character-
istics of the subjects in this group are summarized in Table II. All of
the above studies were approved by the institutional review boards and
informed consent was obtained from each subject.

Northern blot analysis. Total RNAwas extracted from fat tissue
samples by a Cs-chloride extraction protocol (20). Total RNA(20 mg)
was denatured in formamide and formaldehyde at 550C for 15 min and
separated by electrophoresis in formaldehyde-containing agarose gels,
as described (9). RNAwas blotted onto biotrans membranes, ultraviolet
cross-linked (Stratagene, Inc., La Jolla, CA), and baked for 0.5 h.
Hybridization and washes were done as directed by the manufacturer.
Cloning of the complementary DNAfor aP2 (also known as adipocyte
fatty acid-binding protein, A-FABP) has been published (21). Comple-
mentary DNAprobes for human TNF-a and tumor TNF-f3 are cloned
in our laboratory based on the published sequences (6, 22). IL-1/ and
IL-6 cDNA probes were gifts from Dr. Bruce Dezube (Dana Farber
Cancer Institute, Boston, MA). DNAprobes were radioactively labeled
to specific activities of at least 109 disintegrations per minute/gg with
[32P]a-dCTP (6,000 Ci/mmol) by the random priming method, as de-
scribed (9). Quantitation of Northern blots were performed using a
Phosphorlmager (Molecular Dynamics, Inc., Sunnyvale, CA). Differ-
ences in loading were adjusted to ,6-actin expression and the amount of

Table I. Characteristics of the Study Group

Lean (n = 18) Obese (n = 19) P value
(Student's

Mean±SE Range Mean±SE Range t test)

Age (yrs) 34.4±1.2 26-45 34.4±1.5 25-45 NS
BMI*

(kg/M2) 21.38±0.3 19.6-24.1 39.9±1.4 31.6-53.8 0.0001
Waist/hipt

(m/rn) 0.85±0.02 0.77-0.98 0.90±0.01 0.73-0.69 0.04
Insulin

(MU/ml) 13.06±1.2 5.9-25.8 46.4±3.9 13.3-83.1 0.0001
Glucose

(mg/dl) 83.1±1.3 72.9-91.8 95.9±3.1 73.8-131.5 0.006
Triglyceride

(mg/dl) 83.1±7.3 24.0-140.0 136.2±14.8 58.0-248.0 0.002
Cholesterol

(mg/dl) 158.1±8.6 88.0-210.0 181.8±6.9 142.0-234.0 0.04

To convert values for insulin to pmol/L liter multiply by 7.175; to convert values
for glucose to mmollliter multiply by 0.05551; to convert values for triglycerides
to mmol/liter multiply by 0.01129; and to convert values for cholesterol to mmol/
liter multiply by 0.02586. * BMI was calculated as the weight in kilograms
divided by the square of the height in meters. * The ratio of the waist to the hip
circumferences.

TNF-a or aP2 mRNAwas expressed as percentage of an arbitrary
control set to 100%.

Protein measurements. For measurements of TNF-a protein secre-
tion by adipose tissue, freshly obtained fat specimens were cut into
pieces (25-50 mg) under sterile conditions, weighed, rinsed once in
sterile Krebs-Ringer phosphate buffer (pH 7.4) and incubated (1.0 ml
media/100 mg tissue) in a medium consisting of Krebs-Ringer phos-
phate (pH 7.4), endotoxin-free BSA (4 g/I00 ml), and glucose (1 mg/
ml) at 370C in a shaking incubator with air as the gas phase (9).
Incubation media were collected at 1 and 2 h and frozen in liquid
nitrogen. At the end of the experiment total DNAwas extracted from
fat tissues used in each experiment, as described (9), and secreted
protein values were calculated as both picograms per milligrams of
DNAand picograms per milligram of adipose tissue. Total secreted
proteins and the pattern of secretion was determined by SDS-PAGE.
Protein concentrations of TNF-a was measured by ELISA (Biosource
International, Camarillo, CA), in supernatants of explanted tissues as
well as in plasma obtained from subjects.

Statistical analysis. Data are expressed as means±SE. Individual
variables were compared by using two-tailed Student's t-test analysis.
The relationship between individual variables were determined by linear
correlation analysis. StatView 512+ (Abacus Concepts, Inc., Berkeley,
CA) statistical software was used in all analyses. All P values reported
are two-sided.

Results

Study group. Table I summarizes the characteristics of the 37
premenopausal female subjects (18 lean and 19 obese) at the
time of entry. All subjects were of mixed-Caucasian ethnic
origin and lean and obese subjects were similar in age (34.4±1.2
and 34.4±1.5, respectively). The subjects were not markedly
hyperlipidemic based on fasting plasma measurements. Al-
though the obese group had higher average fasting plasma glu-
cose levels compared to controls, all values were within nor-
moglycemic range except one which was borderline ( 131.5 mg/
dl or 7.5 mmol/liter). However, the obese subjects were sig-
nificantly hyperinsulinemic (presumably compensatory), indi-
cating the presence of insulin resistance.
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Figure 1. Expression of TNF-a mRNAin adipose tissue from lean and
obese female human subjects. (A) A representative Northern blot show-
ing the elevated TNF-a mRNAexpression in adipose tissues of five-
lean and five-obese subjects. TNF-P3 and aP2 mRNAexpression in the
same Northern blot are shown for comparison. (B) Quantitation of TNF-
a mRNAexpression in 18 lean and 19 obese subjects. ,3-actin expression
was used as a standard to correct the loading differences and mRNAis
expressed as percentage of standard. Similar quantitation of aP2 is
shown for comparison.

Expression of TNF-a mRNAin adipose tissue. To examine
the expression of the TNF-a gene we extracted total RNAfrom
subcutaneous adipose tissues of lean and obese human subjects.
Northern blot analysis demonstrated that TNF-a mRNAis en-
dogenously present in human adipose tissue (Fig. 1 A). The
level of TNF-a mRNAexpression was strikingly elevated in
adipose tissues obtained from obese individuals compared to
age-matched lean controls (Fig. 1 A and B). Whennormalized
to the ,6-actin mRNApresent in each adipose tissue sample, a
2.5-fold increase was observed in the amount of TNF-a mRNA
in the obese group (21.9±10.4 vs 56.9±18.6%, P < 0.001).
To test the specificity of this pattern of TNF-a mRNAexpres-
sion, we examined several other cytokines and fat specific
genes. TNF-,6 (lymphotoxin alpha, Fig. 1), IL-1,B, and IL-6
mRNAwas not detected in any of the subjects (data not
shown). Moreover, the expression of a fat-specific gene, aP2,
was not different between lean and obese subjects (Fig. 1).
These results suggested that elevated mRNAexpression was
specific for TNF-a and was not the result of a generalized
aberrant expression of the cytokine family or fat-specific genes.
These controls also demonstrate that there was no systemic bias
in quantitation when comparing mRNAfrom fat tissue of lean
versus obese subjects.

TNF-a protein production. A critical question is whether
the differences in mRNAlevels were reflected in the amounts
of local and systemic (circulating) TNF-a protein. Weexam-
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Figure 2. Secretion of TNF-a protein from the explanted adipose tissue
of lean and obese female subjects. After 1 and 2 h incubation of fresh
adipose tissue, TNF-a protein was measured in conditioned media by
ELISA. Protein quantities were expressed as picograms protein per milli-
gram total tissue DNAthat is extracted from the adipose tissue at the
end of the incubation period.

ined local protein production from explanted adipose tissue and
observed TNF-a secretion (Fig. 2). When expressed as the
mass of TNF-a protein secreted per unit of tissue DNA, the
adipose tissue obtained from obese subjects secreted higher
quantities of TNF-a protein compared to the lean controls (at
1 h, lean, 17.1+4.2 vs obese, 28.9±3.4; and at 2 h, lean,
46.3±11.0 vs obese, 100.3+9.6 pg/mg DNA, P = 0.048 and
P = 0.005, respectively). Similarly, when TNF-a protein secre-
tion was expressed as a function of adipose tissue mass, obese
individuals were found to secrete higher amounts of TNF-a
protein compared to the lean controls (at 1 h, lean, 21.2+3.9
vs obese, 32.3±2.5; and at 2 h, lean, 40.7+6.1 vs obese,
81.7+13.5 pg/mg fat tissue, P = 0.03 and P = 0.01, respec-
tively). To ensure that this measure was not biased due to a
general loss of viability upon explantation of the adipose tissues,
total secreted proteins were analyzed by SDS-PAGE. There
were no significant differences in the general pattern of protein
production and no protein degradation was observed in any of
the samples in both groups. In addition, in two subjects we
incubated isolated adipocytes and obtained very similar pattern
and quantity of TNF-a secretion as compared to tissue explants
from the same individuals (data not shown). Therefore, we
concluded that the secretion of TNF-a by the obese tissue is
greater than the lean and appears to be produced by the adipo-
cytes. Wealso measured circulating TNF-a protein concentra-
tions in all subjects. TNF-a protein was detectable in the plasma
of only 2/18 lean (11.1%) and 2/19 obese (10.5%) subjects
at very low levels (1.6 and 2.2 pg/ml in lean and 1.2 and 5.1
in obese subjects).

TNF-a expression and metabolic parameters. Wenext ana-
lyzed the relationship between the levels of TNF-a mRNAin
fat tissue and various metabolic parameters measured in lean
and obese subjects. A very strong positive correlation was ob-
served between TNF-a expression and fasting plasma insulin
levels (Fig. 3 A; r = 0.82, P < 0.001). A positive correlation
was also present between TNF-a expression and BMI (r = 0.70,
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Figure 3. Correlations of TNF-a
mRNAexpression levels in adi-
pose tissue and metabolic parame-
ter in lean and obese female sub-
jects. The TNF-a expression lev-
els were determined by Northern
blot analysis, quantitated as de-
scribed in Fig. 1, and plotted
against fasting plasma insulin
(A), plasma glucose (B), total
plasma triglycerides (C), and to-
tal plasma cholesterol (D). The
lines represent simple linear re-
gression between the two vari-
ables.

P < 0.001). It should be noted that there is a trend toward
bimodality in BMI values as a result of the selection criteria
used to differ lean and obese subjects. As expected, there was

also a positive correlation between BMI and fasting insulin
levels (r = 0.77, P < 0.001). A relatively weaker positive
correlation was observed between TNF-a expression and fasting
plasma triglyceride levels (Fig. 3 C; r = 0.40, P = 0.02).
In contrast, no statistically significant correlations was present
between TNF-a expression in adipose tissue and age, waist to
hip ratios, plasma glucose, and total cholesterol levels. It is
worth noting that these latter parameters were only marginally
different between the lean and obese group.

Effects of weight reduction on ITNF-a expression. Weight
reduction is among the most effective treatment for abnormali-
ties in glucose homeostasis seen in obesity (23). It often im-
proves systemic insulin resistance and can reduce the compensa-

tory hyperinsulinemia. Weasked whether a relationship exists
between weight loss and subsequent improvements in glucose
homeostasis and TNF-a expression in fat tissue. For this we

obtained fat biopsies and blood samples from nine obese sub-
jects before and after a 17% weight reduction. The characteris-
tics of these subjects are summarized in Table II. After the
weight reduction, there was a significant decrease in serum

insulin levels (from 43.1±5.1 to 26.2±3.5, P = 0.001) in all
obese subjects without any change in plasma glucose, indicating
an improvement in insulin sensitivity. As shown in Fig. 4, A
and B, a parallel decrease was also evident in TNF-a expression
in adipose tissue from 7/9 (from 49.4±5.1 to 26.6±3.6%, P
< 0.001). No change in TNF-a expression was evident in one

subject (Patient 1) and a slight elevation was observed in the
other (Patient 2) at the end of the protocol. These alterations
were again specific to TNF-a and no changes were observed
in the expression of aP2 in adipose tissue. TNF-,3 (Fig. 4 A),
IL-1/3, and IL-6 (data not shown) were not detectable at both
states.

Discussion

Wehave previously shown that TNF-a is a key mediator of
insulin resistance in many different rodent models of obesity,
through its obesity-related overexpression in adipose tissue (9,
11). Neutralization of TNF-a in obese and insulin-resistant rats
resulted in significant increases in peripheral insulin sensitivity,
as measured by hyperinsulinemic-euglycemic clamp studies
(9). In addition, both dietary and pharmacological treatment of

Table 11. Characteristics of the Obese Womenbefore and after
Weight Reduction

Before (n = 9) After (n = 9) P value
(Student's

Mean±SE Range Mean±SE Range t test)

Age (yr) 36.5±2.9 25-45 36.5±2.9 25-45 NS
BMI*

(kg/m2) 37.6±1.1 31.6-41.5 32.1±1.2 27.3-37.1 0.003
Waist/hipt

(m/m) 0.93±0.02 0.87-0.98 0.90±0.02 0.82-1.0 NS
Insulin

(IU/rml) 43.1±5.1 13.3-59.3 26.2±3.5 13.6-41.8 0.001
Glucose

(mg/dl) 92.3±3.5 73.8-102.7 90.6±3.0 84.6-93.6 NS
Triglyceride

(mg/dl) 97.7±20.2 58.0-200.0 90.0±17.1 38.0-150.0 NS
Cholesterol

(mg/dl) 175.7±11.7 142.0-226.0 158.0±10.3 116.0-204.0 NS

To convert values for insulin to pmol/liter multiply by 7.175; to convert values
for glucose to mmollliter multiply by 0.05551; to convert values for triglycerides
to mmol/liter multiply by 0.01129; and to convert values for cholesterol to mmol/
liter multiply by 0.02586. * BMI was calculated as the weight in kilograms
divided by the square of the height in meters. * The ratio of the waist to the hip
circumferences.
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Figure 4. TNF-a mRNAexpression and fasting plasma insulin levels
in adipose tissue before and after a weight reduction program in obese
female subjects. The TNF-a mRNAexpression levels were determined
by Northern blot analysis, quantitated as described in Fig. 1, (A) Cumu-
lative results; (B) individual changes in TNF-a mRNAexpression; and
(C) individual changes in plasma insulin before and after weight loss.
For each subject the values at the beginning and at the end of the study
are connected by lines. The solid lines represent the subjects where
there was a decrease in TNF-a expression. The dotted lines represent

the subjects where there was no change or increase in TNF-a expression.
Circles and bars indicate means±SE.

obese and diabetic animals led to a significant decrease in the
amount of TNF-a expression in adipose tissue (11).

Overexpression of TNF-a in adipose tissue is a common,

if not a universal correlate of obesity and insulin resistance in
animal models (9, 10). Thus, it was critical to examine the
expression of this cytokine in adipose tissues of obese humans

relative to lean subjects. In this study we have demonstrated that
adipose tissues of obese subjects also express elevated levels of
TNF-a mRNAand secrete increased amounts of the corre-
sponding protein (Figs. 1 and 2). Strong positive correlations
were observed between the expression levels of TNF-a mRNA
in fat tissue and the extent of hyperinsulinemia (Fig. 3). Since
levels of circulating insulin is an indicator of insulin resistance
in obese, euglycemic patients, these results are suggestive of
a role for TNF-a in the insulin resistance of obesity. Direct
measurements of in vivo insulin sensitivity by glucose clamps
in studies using TNF-a-neutralizing reagents will be necessary
to definitively address the relationship between TNF-a expres-
sion and insulin action in humans. However, these correlations
are striking considering the heterogeneous etiology of obesity
in human populations.

In contrast to the variables discussed above, we observed
no correlation between waist/hip ratios, fasting plasma glucose,
plasma cholesterol levels, and TNF-a mRNAexpression in fat
tissue. The lack of correlation with waist/hip ratios suggests
that TNF-a expression is not tightly linked to differences in
regional fat deposition in our study group. However, previous
studies have indicated the importance of regional fat deposition
as a determinant of increased risk for insulin resistance and
NIDDMin obese patients (24). Further clinical studies in larger
groups will be necessary to address this issue. The absence
of correlation between the plasma glucose levels and TNF-a
expression is not surprising since the group reported here did
not contain patients with fasting hyperglycemia.

Amelioration of obesity through diet and exercise is the first
line of therapy for the obese diabetic patient (23). In addition
to the positive correlations mentioned above, we demonstrate
here that corrective decreases in body weight and hyperinsulin-
emia through a weight loss program also results in reductions
in TNF-a expression in adipose tissue. Despite the small num-
ber of the subjects in this study we were able to obtain statistical
significance in these changes in TNF-a expression after weight
loss. In two patients (Patient I and 2, Fig. 4 b) there was
no reduction in adipose TNF-a expression after weight loss.
Interestingly, these two subjects responded poorly to weight
reduction in terms of decreases in plasma insulin levels and
were still hyperinsulinemic at the end of the protocol (with
plasma insulin levels of 32.6 and 41.8 ,iU/ml, respectively).
Although these subjects may be atypical, it is possible that
regulation of TNF-a expression through weight reduction is not
similar in all obese subjects and reflect the heterogeneity in the
relationship between insulin levels and TNF-a mRNAexpres-
sion. Nevertheless, these results suggested that TNF-a expres-
sion is effectively regulated during metabolic perturbations and
tightly linked to the abnormalities in metabolic status such as
elevated insulin levels in the majority of the cases studied here.

Wedid not observe elevations in circulating TNF-a levels
in this study. In a recent study in pediatric age group, Boeck et
al. also reported lack of detectable TNF-a in serum of obese
patients (25). However, here we demonstrated an elevation in
the amount of TNF-a protein produced per mass or per unit
DNAfrom the fat tissues of obese individuals compared to lean
control subjects. This was also the case in the rodent models
studied to date suggesting that TNF-a action in the insulin
resistance of obesity is likely to be through an autocrine-para-
crine mechanism rather than through an endocrine route (9,
10). In obese and insulin-resistant fa/fa rats neutralization of
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TNF-a results in increased insulin sensitivity in muscle tissue,
although expression is not readily detectable at this site (19).
It is therefore possible that expression of TNF-a in adipose
tissue causes the generation of secondary mediators that effect
insulin response at distant sites.

If fat-derived TNF-a is playing an important role in inducing
insulin resistance in obesity, what could be the mechanism of
action? In the fa/fa rat model of obesity with severe insulin
resistance but very mild diabetes, TNF-a-induced peripheral
insulin resistance involves, at least in part, the inhibition of
insulin-stimulated autophosphorylation of the insulin receptor
and phosphorylation of insulin receptor substrate 1 in vivo ( 19).
However, it has been demonstrated in humans that reductions
in the kinase activity of insulin receptor is observed mainly in
patients with NIDDM, but not in obese, nondiabetic subjects
( 15, 16). Therefore, a role for TNF-a in obesity-linked insulin
resistance in humans may involve additional steps in the insulin
action pathways including regulation of glucose transporter
number or activity, or modulation of steps downstream of insu-
lin receptor and insulin receptor substrate 1 in the signal trans-
duction cascade.

Another potential discordance between the role of TNF-a
in obesity-linked insulin resistance in animal models and hu-
mans is the relative contribution of hepatic insulin resistance.
Previous studies in the fa/fa rat, demonstrated that TNF-a neu-
tralization primarily effects peripheral glucose disposal with
little or no effect on hepatic glucose output (9). While the
inability to suppress hepatic glucose output is an important
component of fasting hyperglycemia and NIDDM, studies in
obese insulin-resistant humans (without NIDDM) have demon-
strated that the severity of the hepatic insulin resistance is much
smaller than the defects in insulin-stimulated glucose disposal
(26). Furthermore, the hepatic insulin resistance in obese, non-
diabetic subjects was found to be in the form of decreased
insulin sensitivity, while the peripheral insulin resistance in-
volved both decreased insulin sensitivity and responsiveness
(26). The strong correlation observed in this study between the
fasting insulin levels and TNF-a expression in fat tissue may
also suggest that TNF-a expression is closely associated with
peripheral insulin resistance since there is no fasting hypergly-
cemia in the subjects studied. Taken together, these results indi-
cate that the mechanistic bases of peripheral and hepatic insulin
resistance may not be identical in obesity and the role of TNF-
a in obesity-linked insulin resistance may be restricted to extra-
hepatic insulin resistance primarily by influencing the steps dis-
tal to insulin receptor binding. Further studies will be necessary
to address these possibilities.

Finally, several indirect lines of evidence besides the data
presented here suggest that TNF-a may play a potentially im-
portant pathophysiological role in human obesity and NIDDM.
First, recent genetic studies using sibling pair analysis have
shown linkage between a polymorphism in the TNF-a locus
and body fat content and BMI in Pima indians (27). Second,
during the use of pentoxifylline for the treatment of vascular
complications in NIDDM patients, an increase has been ob-
served in insulin sensitivity (28). It is now known that pentoxy-
fylline is an inhibitor of TNF-a production although not a very
potent one (29). These studies however, are preliminary and
must await further confirmation in different groups of obese
humans.

In summary, the observations presented here, taken together

with earlier studies showing a functional role for TNF-a in
animal models of obesity-linked insulin resistance, suggest that
aberrant expression of TNF-a in adipose tissue may also be a
component of the insulin resistance in obese humans. Since
recent studies indicate that agents which improve insulin sensi-
tivity may be of great value in the treatment of NIDDM (30)
it is of interest to test whether insulin resistance and its clinical
correlates can be reversed by therapies aimed at the neutraliza-
tion of TNF-a. Clinical trials to definitively address this possi-
bility are clearly needed.
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