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Recombinant human tumor necrosis factor does
not inhibit lipoprotein lipase in primary cultures
of isolated human adipocytes
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Abstract Previous studies have demonstrated that cachectin/
tumor necrosis factor (TNF) inhibits lipoprotein lipase (LPL)
activity in cultures of 3T3-L1 cells. To determine whether TNF
also inhibits LPL in human adipocytes, primary cultures of iso-
lated human adipocytes were exposed to a spectrum of concen-
trations of recombinant human TNF. TNF concentrations up to
1000 pM had no effect on either LPL activity or LPL immuno-
reactive mass in the human adipocytes. Specific binding of *°I-
labeled TNF was demonstrated in human adipocytes, and a
TNF concentration of 100 pM competed for approximately 50%
of the '#*I-labeled TNF binding sites. In contrast, the same TNF
in the same concentrations progressively inhibited LPL activity
and immunoreactive mass in 3T3-L1 cells. B Thus, human
adipocytes respond to TNF in a different manner than 3T3-L1
cells. TNF may not cause the cachexia of cancer or chronic in-
fection by directly inhibiting LPL in adipose tissue. — Kern, P. A.
Recombinant human tumor necrosis factor does not inhibit
lipoprotein lipase in primary cultures of isolated human adipo-
cytes. J. Lipid Res. 1988. 29: 909-914.
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A contributing factor to mortality from cancer and
chronic infection is cachexia. Recent studies on the
mechanism of cachexia have focused on the enzyme lipo-
protein lipase (LPL) (1-3). LPL is synthesized and
secreted by adipocytes, and then bound to glycosamino-
glycans on the capillary endothelium, where the enzyme
hydrolyzes the triglyceride core of chylomicrons and very
low density lipoproteins (4). LPL is important for fat cell
lipid accumulation, as adipocytes synthesize little lipid
de novo and instead rely on LPL-mediated hydrolysis of
circulating triglyceride (5). Thus, any tumor- or infection-
related substance that inhibits LPL may generally impair
storage of adipose tissue lipid, and thus lead to the clinical
condition of cachexia.

In studies over the last few years, endotoxin-stimulated
macrophages were found to secrete a substance that in-
hibited LPL in 3T3-L1 adipocytes (6). The 17,000 dalton
protein that was responsible for inhibition of LPL was

called cachectin, and was subsequently found to be identi-
cal to tumor necrosis factor (TNF) (7). Subsequent studies
have demonstrated that the injection of TNF into animals
inhibited LPL (8), and caused a syndrome compatible
with endotoxemia or cachexia (9).

A central thesis in this hypothesis is the inhibition of
LPL by TNF. 3T3-L1 adipocytes respond to TNF in a
manner that is very predictable, such that this cell line has
been used as a bioassay for cachectin (10). However,
3T3-L1 cells are a heteroploid cell line derived originally
from embryonic mouse fibroblasts (11), and may not be
representative of the response of LPL in primary cultures.
Thus, the experiments described herein were undertaken
to determine the effects of recombinant human TNF on
LPL in primary cultures of human adipocytes.

METHODS

Cells and tissue culture

Human isolated adipocytes were prepared and cultured
as described previously (12). In brief, omental adipose tis-
sue was obtained from healthy patients undergoing elec-
tive abdominal surgery. The study subjects consisted of 14
women and 1 man between the ages of 24 and 54 years
(mean age 38). Subjects were all close to ideal body weight
(mean body mass index: 22.4 kg/m?; range: 18.4 to 25.4
kg/m?), did not have malignancies, and were undergoing
procedures such as cholecystectomy, hysterectomy, or other
gynecologic surgery. The adipose tissue was promptly
minced and digested with collagenase II (Cooper Bio-
medical) and the adipocytes were placed into Medium 199
(Irvine Scientific) containing 10% fetal bovine serum
(Hyclone). TNF was then added in the same medium and

Abbreviations: LPL, lipoprotein lipase; TNF, tumor necrosis factor/
cachectin; HR, heparin-releaseable LPL activity; EXT, extractable
LPL activity.
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LPL was measured 24 hr later. The TNF was recombinant
human TNF-alpha with a specific activity 2.5 x 107
units/mg (13), and was a generous gift from Dr. Phillip
Koeffler.

Preadipocytes were grown and differentiated as de-
scribed previously (10). 3T3-L1 cells were passed into
8-cm? six-well clusters (Costar). After growing to
confluence, the preadipocytes were differentiated by the
addition, for 48 hr, of Dulbeccos Modified Eagle’s
medium (DME) containing 10% fetal bovine serum, 10
pg/ml insulin, 0.5 mM isobutylmethylxanthine, and 1.0 uM
dexamethasone. Cells were then maintained in DME con-
taining 10% serum and 50 ng/ml insulin for 7-10 days.
TNF was then added in the same medium to four different
wells of the cluster, using two wells as controls. LPL was
then measured 24 hr later.

LPL activity and immunoreactive mass

LPL activity was measured against an emulsified
[**C]triolein substrate as described previously (12). The
heparin-releasable (HR) fraction was prepared by incu-
bating cells in phosphate-buffered saline containing 13
pg/ml heparin (Fisher Scientific, Los Angeles, CA) for 45
min at 37°C. The extractable (EXT) fraction was prepared
subsequent to the preparation of HR by disrupting cells
in 0.5% deoxycholate, 0.02% NP-40, 0.73% sucrose,
0.1% albumin, 125 pg/ml heparin, and 25 mM Tris, pH
8.3. After separating the lipid cake by centrifugation, the
aqueous layer was recovered. An aliquot of each sample
was incubated with substrate for 45 min at 37°C and the
reaction was then stopped by the addition of Belfrage-
Vaughn extraction mixture (14). The liberation of '*C-
labeled free fatty acids was quantitated and LPL activity
was expressed as nEq of free fatty acids released/min per
108 cells.

LPL immunoreactive mass was measured in an enzyme-
linked immunosorbent assay (ELISA) that used affinity-
purified antibodies specific for LPL (15, 16). In brief,
affinity-purified anti-bovine LPL antibodies (raised in
chicken #2271) were bound to microtiter wells, and sample
or bovine LPL standards were then added in buffer con-
taining 1 M NaCl, 0.1% Triton X-100 and 0.1% albumin.
The wells were then washed, and biotinylated affinity-
purified antibody (raised in chicken #2272) was added,
followed by streptavidin-peroxidase (Bethesda Research
Labs). The peroxidase reaction was developed by adding
peroxidase substrate (1 mg/ml o-phenylenediamine,
0.012% hydrogen peroxide, in 0.1 M citrate, pH 4.5). The
reaction was stopped with 25 ul of 4 M sulfuric acid, and
was read in an ELISA plate reader (Bio-Iek Instruments).

12]-Labeled TNF binding

Recombinant human TNF (Amgen) was iodinated to a
specific activity of 46 uCi/ug using the iodogen method,
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as described previously (17). After culturing cells overnight
in Medium 199 containing 10% fetal bovine serum, TNF
binding was measured by placing cells into 1 ml of
Medium 199 containing 1% albumin and 100,000 cpm of
125]-labeled TNF at 16°C. Cells were separated from
medium and the binding reaction was terminated by
rapidly centrifuging triplicate 300-ul aliquots of cell sus-
pension in microtubes containing 100 pl of silicone oil, as
described pireviously (18). To control for nonspecific bind-
ing, '®I-labeled TNF binding was carried out in the
presence of an excess of unlabeled TNF. As shown in
Fig. 2, maximal competition for ?*I-labeled TNF binding
was achieved with a TNF concentration of 40 nM. Thus,
this level of tracer binding (19% of total binding) was
assumed to be nonspecific.

Statistics

The two-tailed, paired ¢-test was used. Data were
expressed as the mean + SEM.

RESULTS

Human adipocytes were prepared from 14 different
subjects and cultured as described previously (12). To
assess the effect of TNF on LPL, a spectrum of TNF con-
centrations was added to the medium (Medium 199 con-
taining 10% fetal bovine serum) and cells were cultured
for 24 hr. Both LPL activity and LPL immunoreactive
mass were measured in the heparin-releasable (HR) and
extractable (EXT) fractions. As shown in Fig. 1, there
was no effect of TNF on either LPL activity or mass in
human adipocytes. The slight decrease in HR immuno-
reactive mass at a TNF concentration of 100 pM was in-
consistent and not statistically significant. In addition, a
higher concentration of TNF (1000 nM) produced no
further effect on LPL (Fig. 1). In two experiments, adipo-
cytes were incubated with TNF for 5 hr, to determine
whether a shorter exposure to TNF would affect LPL.
Again, no change in LPL was observed with a shorter ex-
posure to TNF.

The cells that were used in these experiments were also
used in studies reported previously (16), involving regula-
tion of LPL by serum, adenosine, and insulin-like growth
factor-1 (IGF,). Table 1 contains the data from three such
experiments in which HR activity and mass were mea-
sured in adipocytes exposed to these substances as well as
to TNF. LPL activity and mass were stimulated by adeno-
sine, IGF,, and 10% serum. However, the addition of
TNF to cells cuitured in serum-containing medium
yielded LPL levels no different from the LPL levels in
cells exposed to 10% serum alone. In other experiments,
TNF did not inhibit the relatively low level of LPL in cells
cultured without serum (data not shown). Thus, these
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Fig. 1. Effect of TNF on LPL in isolated human adipocytes. Cells
from 14 subjects were cultured for 24 hr in Medium 199 containing 10%
fetal bovine serum and the indicated concentration of TNF. LPL activity
and immunoreactive mass were then measured in the HR (A) and EXT
(B) fractions as described in Methods. Control LPL activity was
2.06 + 0.65and 3.56 + 1.2 nEq/min per 10° cells for HR and EXT, and
control LPL immunoreactive mass was 177 + 43 and 200 + 63 ng/10°
cells for HR and EXT, respectively. There was no statistical difference
between control and TNF-treated cells.

adipocytes were responsive to the regulatory influences of
other substances, but were not affected by TNF.

TNF interacts with cells via specific plasma membrane
receptors. To determine that these receptors were present
in human adipocytes, the binding of '?°I-labeled TNF to
human adipocytes was measured after 24 hr of culture.
When the time course of binding was assessed at 16°C,
saturation binding occurred by 2 hr (data not shown).
Therefore, a 2-hr incubation at 16°C was used for
competition-binding experiments.

A tracer concentration of '?*I-labeled TNF was added
to approximately 10° cells in the presence of increasing
concentrations of unlabeled TNF. Specific binding was
determined by subtracting cell-associated radioactivity
that was measured in the presence of an excess of un-
labeled TNF (see Methods). As shown in Fig. 2, increasing
concentrations of TNF competed for !?°I-labeled TNF,
and 50% of tracer binding was displaced by a TNF con-
centration of 0.1 nM. Thus, the competition for specific
binding suggests the presence of intact TNF receptors.

To determine whether the TNF used in these experi-
ments was indeed bioactive, TNF was added to cultures
of 3T3-L1 adipocytes. As shown in Fig. 3, progressive in-
hibition of LPL activity and immunoreactive mass in HR
was observed. Only at the highest TNF concentration (100
pM) was there a significant effect on the EXT fraction of
3T3-L1 cell LPL. Thus, the recombinant human TNF
employed herein inhibited LPL in 3T3-L1 adipocytes, but
had no significant effect on LPL in human adipocytes.

DISCUSSION

A number of studies have demonstrated effects of TNF
and cachectin on various aspects of adipose tissue and
lipid metabolism. Both purified cachectin and recom-
binant human TNF inhibited LPL activity in 3T3-L1
cells (10, 19), and inhibition of LPL synthesis (20) and
mRNA level (21) has been demonstrated. Other effects of
TNF on 3T3-Li adipocyte metabolism included inhibi-
tion of lipid synthesis (19, 22), a stimulation of hormone-
sensitive lipase (19), and inhibition of gene expression of
other lipogenic enzymes (23).

Because LPL is important for both adipocyte lipid
storage and plasma triglyceride clearance, the inhibition
of LPL by cachectin/TNF has been suggested to be part
of the etiology of cachexia, and the hyperlipidemia of
infections (1-3). This hypothesis was originally based on
the effects of TNF in 3T3-L1 cells. More recently, the in-
Jjection of TNF into rats, mice, and guinea pigs resulted

TABLE 1. Regulation of LPL by other factors

Control Adenosine’

TNF plus
IGF,* Serum® Serum”

Experiment LPL, LPL, LPL, LPLp,

LPL, LPLm LPL, LPLy, LPL, LPLm

1 2.95 46.4 4.02 52.4
2 0.74 44.2 1.34 129
3 3.23 69.2 3.85 83.4

5.13 68.7 5.42 151 4.98 203
2.50 114 3.68 93
5.13 93.0 4.32 98.1

Cells were cultured for 24 hr in Medium 199 in the presence and absence of phenylisopropyladenosine (PIA,
a nonmetabolizable analog of adenosine), IGF,, fetal bovine serum, or TNF, as indicated. Cells marked “control”
were incubated in medium alone. HR LPL activity (LPL,) and immunoreactive mass (LPLy,) were then meas-
ured, and expressed as nEq/min per 10° cells and ng/10° cells, respectively.

“Concentrations: adenosine (PIA), 50 nM; IGF,, 6.5 nM; serum, 10%; TNF, 100 pM.
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Fig. 2. Binding of '*I-labeled TNF to isolated human adipocytes.
Cells were cultured overnight in Medium 199 containing 10% fetal
bovine serum. Approximately 10° cells were then exposed to 10° cpm
125].labeled TNF in the presence of the indicated concentration of un-
labeled TNF for 2 hr at 16°C and cell-associated radioactivity was mea-
sured. Specific binding represents total binding minus cell-associated
radioactivity in the presence of 40 nM TNF. Data are pooled from three
experiments. Insert. Competition for total '*I-labeled TNF binding
from one representative experiment.

in a decrease in adipose tissue LPL activity (8). In
another recent study, the TNF gene was transfected into
cells and implanted into nude mice, which then developed
cachexia, weight loss, and anorexia (24). However, these
studies could not determine whether TNF directly in-
hibited adipose tissue LPL, or whether TNF triggered
other events which mediated a decrease in LPL and sub-
sequent adipose tissue wasting. In addition, the anorexia
that accompanied TNF-induced cachexia (24) makes in-
terpretation of LPL data difficult, because adipose LPL is
sensitive to the level of food intake (5).

Isolated human adipocytes represent a useful in vitro
system to test the effects of various substances on LPL at
a primary source of enzyme synthesis. In addition, the
recent development of a sensitive and specific ELISA for
LPL (15, 16) has permitted the study of LPL immuno-
reactive mass in these cells. Previous studies using this
system of adipocytes have demonstrated regulation of
LPL by serum, IGF,, glucose, adenosine, and inosine (12,
16, 25), and adipocyte cultures from three different sub-
jects herein demonstrated regulation of LPL by several of
these substances. Therefore, there was every reason to
expect that these cells would be responsive to TNF in
vitro, yet no effect of TNF was observed.

912 Journal of Lipid Research Volume 29, 1988

Recombinant human TNF was added to adipocyte cul-
tures from 14 normal subjects. The concentrations of
TNF were the same as in previous studies on 3T3-L1 cells
(10, 19), in which maximal inhibition of LPL activity
occurred with a TNF or cachectin concentration of 100
pM. When human adipocytes were cultured in medium
containing TNF concentrations between 0.1 pM and 1000
pM, there was no effect on LPL activity or LPL immuno-
reactive mass. In contrast, when the same TNF in the
same concentrations was added to cultures of 3T3-L1
cells, a dose-response effect was obtained that was similar
to that reported by others (10, 19). Thus, TNF was ineffec-
tive at inhibiting LPL in this system of human adipocyte
primary cultures. In addition to their responsiveness to
TNF, human adipocytes and 3T3-L1 cells differed in their
relative proportions of HR and EXT activity and im-
munoreactive mass. Whereas HR and EXT activity and
mass were approximately the same in the human adipo-
cytes, EXT activity was higher than HR in the 3T3-L1
cells, yet EXT immunoreactive mass was lower than HR
mass (see legends to Figs. 1 and 3). These data suggest
that there may be important differences between these two
cell types with regard to LPL synthesis, processing, and
degradation.
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Fig. 3. Effect of TNF on LPL in 3T3-L1 adipocytes. Cells were cul-
tured and differentiated as described in Methods. TNF was added in the
indicated concentrations for 24 hr, and LPL activity and immuno-
reactive mass were measured as the HR and EXT fractions. Control
LPL activity was 1.12 + 0.16 and 7.43 + 0.93 nEq/min per 10° cells, and
LPL immunoreactive mass was 501 + 29 and 203 + 11.2 ng/10° cells for
HR and EXT, respectively. *P < 0.05 compared to control.
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Because human adipocytes are studied 24 hr after a col-
lagenase digestion, TNF receptors may have been damaged.
To assess this, '?I-labeled TNF binding was studied.
Specific binding was demonstrated, and the competition
for specific binding resembled that reported previously for
3T3-L1 cells (19, 26). Thus, these data suggest that TNF
receptors on human adipocytes were intact.

Several recent observations suggest that the etiology
of cachexia in humans may involve a number of cyto-
kines, and not only TNF. White et al. (27) have reported
that TNF had no effect on LPL in human monocyte-
macrophages. In addition, patients who have been treated
with TNF have not become cachectic (28). Although
plasma TNF concentrations may reach nanomolar con-
centrations in animal models of sepsis or cachexia (24,
29), patients with malignancies have very low plasma
TNF concentrations {30). There are numerous other
cytokines that may be important to tumor- and endotoxin-
associated cachexia. Both gamma-interferon and inter-
leukin 1 inhibited LPL in 3T3-L1 cells (30, 31), and
interferon treatment of cancer patients caused hypertri-
glyceridemia and decreased postheparin plasma LPL
activity (30). Finally, TNF has been shown to stimulate
hepatic very low density lipoprotein production (32), thus
providing an additional etiology for the hyperlipidemia of
endotoxemia. Thus, TNF may affect lipid metabolism in
humans in a different manner than in cell lines and in
animals.

In summary, primary cultures of human adipocytes
were cultured in medium containing recombinant human
TNF, in parallel with cultures of 3T3-L1 cells. Whereas
TNF inhibited LPL in the 3T3-L1 cells in a dose-response
fashion similar to that reported by others, TNF had no
effect on LPL in the human adipocytes, in spite of the
presence of specific TNF binding. The mechanism of
cachexia in humans is likely complex, and may involve in-
hibition of LPL in adipose tissue by a number of humoral
factors. Although TNF may begin a cascade of events that
results in a decrease in adipose tissue LPL, these data
suggest that TNF does not directly inhibit LPL in human
adipocytes. Bl
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