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ABSTRACT The effect of a variety of cytokines on lipid
metabolism in 3T3 Li mouse fibroblasts and adipocytes was
studied. Uptake of [3H]acetate by adipocytes and heparin-
releasable lipoprotein lipase activity was inhibited after treat-
ments of the cells with picomolar concentrations of recombi-
nant human tumor necrosis factor a (rHuTNF-a), human
tumor necrosis factor 13 (rHuTNF-f, also called lymphotoxin),
murine interferon-y (rMuIFN-y), and a human hybrid inter-
feron-a [rHuIFN-a2/aj (Bgl I)]. Recombinant human inter-
feron-y (rHuIFN-y), natural human colony-stimulating factor
(HuCSF), and human interleukin 2 (HuIL-2) had no effect.
Similar though less-marked suppression of [3H~acetate uptake
by cytokines was seen in 3T3 Li fibroblasts. Cytokines inhib-
ited the incorporation of [3H]acetate into both membrane and
storage lipids in the adipocytes. In addition to blocking lipid
uptake and synthesis, rHuTNF-a and -(3, and rMuIFN-y
stimulated the release of free fatty acid into the medium from
adipocytes. Binding studies suggest that rHuTNF-a and
rHuTNF-P compete for the same cell-surface receptor on 3T3
Li adipocytes, while rMuIFN-y binds to a separate receptor.
The binding of rTNF-a to both adipocytes and fibroblasts can
be significantly enhanced by preexposure of the cells to
rMuIFN-y. There appear to be both high- and low-affinity
receptors for rHuTNF-a on adipocytes, whereas fibroblasts
exhibit a single class of high-affinity receptors. These results
suggest that a variety of structurally distinct cytokines possess
lipid mobilization activity, which may be of critical importance
to the host in defense against infection or malignancy.

The invasion of the body by viruses, bacteria, or parasites
usually elicits an integrated host response that kills and
removes the infectious agents and provides immunity against
future challenges. Much of the host response is modulated by
a class of inducible proteins called cytokines (1-3). It is now
clear that there are many distinct host cytokines that can be
produced by a wide variety of cell types, including epithelial
cells, fibroblasts, tumor cells, and particularly lymphocytes
(lymphokines) and macrophages (monokines) (4-6). Tumor
necrosis factors (TNFs), interleukins (ILs), and a-, ,B, and
-interferons (IFN-a, -(3, and -y) are representative and

well-characterized cytokines. Although there is considerable
structural and functional heterogeneity among these families
of cytokines, they all appear to have roles in the regulation of
host immunity and inflammation (7-12). When administered
parenterally at high doses they can be toxic, and many of the
symptoms associated with the common cold and influenza
such as fever, nausea, and muscle aches can be induced by
the administration of pure cytokines (13, 14). Unraveling the

sequence of cytokine actions that occur during the host
response to infection is very complex because (i) cytokines
regulate the production of one another (15-17), (ii) an
individual cell may produce many different cytokines (18,
19), and (iii) different cytokines may have similar bioactivi-
ties, as is the case with TNF-a, IL-1, and IFN-a, all of which
appear to have direct antiproliferation activities in vitro (20,
21).
Two lines of research recently converged when it was

discovered that a blood-borne factor (cachectin) produced in
parasite-infected animals and purified from the culture su-
pernatants of endotoxin-stimulated mouse macrophages, ex-
hibited a high degree of sequence homology to human TNF-a
(HuTNF-a) (22, 23). Cachexia, a constitutional disorder
characterized by general ill health and malnutrition often
accompanies a variety of diseases, including cancer and
infection. Cerami and coworkers named their purified blood
factor cachectin because it blocked the ability of adipocytes
to synthesize and assimilate fat and thereby suggested a
mechanism to explain wasting in infected animals (24, 25).
They postulated that in the acute phase of infectious chal-
lenge, TNF/cachectin would induce a net flux oflipid into the
circulation, where the host defense system could use it as an
energy source. With chronic infectious challenge, however,
wasting could persist and death would ensue (24, 25).
Because many other cytokines are synthesized and re-

leased during infection (1-3), we have studied the effects of
additional cytokines on lipid metabolism. Three indices of
lipid metabolism were measured: [3H]acetate uptake, which
provides an indication of the rate of synthesis of long-chain
lipids from small molecular weight precursors; lipoprotein
lipase (LPL) activity, which is an indication of the cell's
capacity to take up triglyceride from the medium; and fatty
acid secretion into the medium, which is an indication of cell
lipid catabolism. The results of our investigations demon-
strate that the ability to alter lipid metabolism is common to
a variety of structurally distinct cytokines and not unique to
TNF-a.

MATERIALS AND METHODS
Cytokines. Recombinant HuTNF-a (rHuTNF-a), HuTNF-

f3 (rHuTNF-,B), human interferon-gamma (rHuIFN-y),
murine interferon-y (rMuIFN-y), and a human hybrid inter-
feron-a [rHuIFN-a2/a, (Bgl II)] were produced in Esche-
richia coli and purified as described (8, 22, 26-28). Human
colony-stimulating factor (HuCSF) [2200 colony-forming
units (cfu)/,ug] was obtained from Genzyme (Boston, MA)

Abbreviations: IFN, interferon; TNF, tumor necrosis factor; IL,
interleukin; LPL, lipoprotein lipase; CSF, colony-stimulating factor;
Hu, human; Mu, murine; r, recombinant; cfu, colony-forming
unit(s).
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and human interleukin 2 (HuIL-2) (3400 half-maximal
units/mg) was from Collaborative Research (Lexington,
MA). A monoclonal rHuTNF-a antibody was prepared as
described.§

Cell Cultures. 3T3 Li Swiss mouse embryo fibroblasts
were generously provided by Howard Green (Harvard Med-
ical School). The cells were grown in 6- or 12-well plates at
37TC in Dulbecco-Vogt modified Eagle's medium (DVEM)
containing 10% fetal calf serum as described (29). Differen-
tiation of the 3T3 Li fibroblasts into adipocytes was induced
by treating the confluent cells for 2 days with this medium
supplemented with 0.5 ml 1-methyl-3-isobutyl-xanthine/0.25
,4M dexamethasone/insulin (1 ,g/ml) as described (30). Cells
were then refed three times per week with standard media
without additives and used between the 7th to 14th day after
differentiation began.

[3H]Acetate and Deoxy[14C]glucose Uptake. 3T3 Li cells in
12-well plates (-5 x 105 cells per well) were washed two
times with Krebs-Ringer phosphate buffer (KRP) containing
fatty acid-free bovine serum albumin (1 mg/ml) and then
treated with cytokine for up to 24 hr in KRP (1 ml per well)
(similar results were obtained with DVEM containing 10%
fetal calf serum). After cytokine treatment, 5 A.l of ethanol
containing 50 uCi of [3H]acetate (3.4 Ci/mmol; 1 Ci = 37
GBq) (New England Nuclear) was added per well (containing
1 ml of KRP), and the cells were incubated for an additional
1 hr with periodic agitation. Tracer uptake was stopped by
three 1-ml rinses of the cells with KRP. The labeled cells were
solubilized in 1 ml of0.1% NaDodSO4 in 50mM Tris-HCl, pH
7.5/50 mM NaCl/5 mM EDTA by gentle resuspension with
a Pasteur pipette. Aliquots of the cell digest were taken for
protein assay (50 ,ul), total counts (50 ,u1), and lipid extraction
(800 ,lI). [3H]Acetate uptake was linear for at least 60 min
under the conditions used in this study (data not shown).
Anti-rHuTNF-D, a rHuTNF-a neutralizing monoclonal an-
tibody (1 ,g neutralizes 10 ng of rHuTNF-a) was used at 4
times its equivalent neutralizing concentration. Uptake of
2-deoxyglucose was assayed as described (30) and was linear
for at least 60 min (data not shown).

Lipids were extracted from the NaDodSO4 cell homoge-
nate according to the method of Folch et al. (31) in 6-ml glass
test tubes with Teflon-lined caps. Lipids were isolated from
the lower phase, dried under a stream of nitrogen, and then
resuspended in 1 ml of chloroform/methanol (2:1; vol/vol).
Aliquots (50-100 jul) of the solubilized lipids were analyzed
by thin-layer chromatography (TLC) on Silica Gel 60 TLC
plates (Whatman) in a solvent system of petroleum
ether/ethyl ether/acetic acid (80:20:1; vol/vol). Lipid classes
were visualized by exposure to iodine vapors, and spots were
circled with a pencil and scraped into scintillation vials and
counted in 10 ml of Econofluor (New England Nuclear).

In some experiments, adipocytes were labeled with
[3H]acetate (50 ,uCi per well) for 24 hr in KRP and then rinsed
three times to remove tracer in the medium. The radioactive
cells were then treated with cytokine or phosphate-buffered
saline (PBS), and the release ofradioactive free fatty acid into
the medium [KRP/bovine serum albumin (40 mg/ml)] was
followed over time. Lipids were extracted from the medium
according to Folch et al. (31). An aliquot (50 ,u) of the lipid
extract was counted and then the remainder was concentrat-
ed, separated into classes by TLC, scraped, and counted as
described above.

Binding of 125I-Labeled TNF-a and Insulin to 3T3 Li Cells.
The specific binding of 125I-labeled rHuTNF-a (2 x 105 cpm
per well) to 3T3 Li cells with or without preincubation of the
cells with rMuIFN-y (59 nM) for 24 hr was measured as

described (32). Binding to cells (5 x 105 cells per well) of
125I-labeled rHuTNF-a in the presence of variable concen-
trations ofunlabeled ligand was allowed to take place for 2 hr
at 370C. Cells were then washed three times with McCoy's 5A
medium and solubilized with 0.1% NaDodSO4. Cell-bound
radioactivity was counted in a y counter. Insulin binding was
measured as described (30). Experiments were conducted in
triplicate in 12-well plates.
LPL Assay. The effect of cytokines on heparin-releasable

LPL activity from 3T3 Li adipocytes was determined after 16
hr of exposure to the cytokines. Exposed cells were washed
twice in KRP and incubated for 60 min at 370C in 40 ml of
buffer containing 2 units of heparin. An aliquot of buffer (1
ml), containing released LPL activity was then incubated
with 200 Aul of a [14C]triolein-labeled triglyceride substrate for
60 min at 370C. The reaction was terminated and analyzed as
described (33, 34).

Protein and Triglyceride Determinations. Protein was de-
termined (35) using bovine serum albumin as a standard.
Triglyceride was measured (36) using a kit manufactured by
Pierce.

RESULTS

[3H]Acetate and Deoxy[14C]glucose Uptake by 3T3 Li Cells.
Both human and murine cytokines were used in this study of
murine 3T3 Li cells. Although TNFs react efficiently across
species boundaries (21), this is not the case for IFNs with the
exception of a unique hybrid human IFN-a (see below) (26).
Fig. 1 shows the effect of rMuIFN-y, rHuTNF-a, and
rHuTNF-P3 on [3H]acetate uptake in 3T3 Li adipocytes. All
three cytokines inhibited uptake in a dose-dependent man-
ner. rHuTNF-a and -,B exhibited similar dose-response
curves [IC5o (concentration for 50% inhibition), -4 pM].
rMuIFN-y was not quite as potent as rHuTNF-a or -,B (IC50,
=171 pM). Time course studies (not shown) indicated that the
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FIG. 1. Effect of cytokine dose on uptake of [3H]acetate by 3T3
Li adipocytes. Cells were treated with cytokines for 24 hr and then
labeled with [3H]acetate for 1 hr. Each point is the mean ± SD of
three determinations. o, rMuIFN-y; e, rHuTNF-a; A, rHuTNF-,B.

'Bringman, T. S., Benton, C. V. & Aggarwal, B. B. (1985) Proc. 13th
Int. Congr. Biochem., August 25-30, 1985, Amsterdam.
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inhibition of [3H]acetate uptake developed gradually over the
first 8-12 hr. When adipocytes were exposed to rHuTNF-a
(1.5 nM) for only 1 hr and then rinsed three times, [3H]acetate
uptake was inhibited 62.2% ± 2.4% (n = 3) 24 hr later. Thus,
the length of time of adipocyte exposure to cytokine that is
required to elicit inhibition may be brief.
To determine whether cytokine treatments were affecting

cell viability, uptake of 2-deoxyglucose in treated and un-
treated adipocytes was measured (Table 1). Neither
rHuTNF-a nor rMuIFN-y appeared to significantly affect
2-deoxyglucose uptake in basal and insulin-stimulated
adipocytes, which indicates that the treated cells were viable
and had an intact glucose transport system. Although
rMuIFN-y appeared to slightly inhibit uptake in control cells,
it slightly stimulated uptake in insulin-treated cells. Chromi-
um-51 uptake (not shown) and insulin binding by the
adipocytes (Table 1) were also unaffected by 24-hr cytokine
treatment.
The effect of rHuTNF-a on [3H]acetate uptake by 3T3 Li

cells is compared to that of other cytokines in Table 2.
rMuIFN-y showed 90% inhibition against the murine
adipocytes, in contrast to the rHuIFN-y control, which
demonstrated no effect. However, rHuIFN-a2/a, (Bgl II),
which does exhibit cross-species antiviral activity, also
inhibited [3H]acetate uptake. Neither HuCSF nor HuIL-2
affected uptake (Table 2). Uptake of [3H]acetate by undif-
ferentiated adipocytes (3T3 Li fibroblasts) was also inhibited
by rHuTNF-a and -,B and rMuIFN-y (35-40%), although not
as markedly as in the differentiated cells. Table 2 also shows
that monoclonal antibody to rHuTNF-a can block its ability
to inhibit [3H]acetate uptake. This result proves that the
observed effects are due to the cytokine and not a bacterial
contaminant.

[3H]Acetate was incorporated by adipocytes primarily into
the lipid fraction (78.6% ± 1.8% of total; n = 6). After
rHuTNF-a and rMuIFN-y treatment, incorporation into
lipids was 60.3% ± 5.6% (n = 3) and 66.7% ± 10.5% (n = 3)
of the total, respectively. Table 3 shows the relative incor-
poration of [3H]acetate into the different classes of adipocyte
lipid following 24-hr treatment with PBS, rHuTNF-a,
rHuTNF-p8, and MuIFN-y. Incorporation into all classes of
lipids was inhibited by the cytokines, but triglycerides
showed the greatest reduction. In a separate experiment,
triglyceride pool size was reduced by a 16-hr treatment with
rHuTNF-a (controls, 1.00 ± 0.01 mg per well; rHuTNF-a,
0.85 ± 0.04 mg per well; n = 4). This indicates that
triglycerides were still being mobilized by the adipocytes,
although the pool size was not being replenished by new
synthesis.

Lipoprotein Lipase Activity of 3T3 Li Adipocytes. In addi-
tion to examining the effect of cytokines on the ability of
adipocytes to synthesize lipids, their ability to take up
triglyceride from the medium was assessed by measuring
heparin-releasable LPL activity (=60% of cell-associated
activity). Fig. 2 shows the effect of dose of rHuTNF and
rMuIFN-y on heparin-releasable LPL activity of 3T3 Li
adipocytes. Control cells released an average of 145 ± 23

Table 1. Effect of cytokines on 2-deoxyglucose uptake and
insulin binding in 3T3 Li adipocytes*

Insulin
Basalt (50 ng/ml)t Insulin bound*

Control 8.9 0.4§ 30.0 1.1 2.45 ± 0.06
rHuTNF-a (59 nM) 8.8 0.5 29.7 0.7 2.42 ± 0.07
rMuIFN-y (59 nM) 7.1 0.4 33.5 1.3 2.63 ± 0.07

*Incubation with cytokines for 16 hr.
tExpressed as nmol per well per 20 min.
tExpressed as fmol per well.
§n = 3 (±SEM).

Table 2. Effect of cytokines on [3H]acetate uptake in 3T3 Li
adipocytes and fibroblasts

Cytokine
Acetate uptake, pmol per

hr per mg of protein
3T3 Li murine adipocytes

Control
rHuTNF-a
rHuTNF-a + rHuTNF-a
antibody
rHuTNF-8
rMuIFN-y
rHuIFN-y
rHuIFN-a2/a, (Bgl II)
rHuCSF
rHuIL-2

Control
rHuTNF-a
rHuTNF-/3
rMuIFN-y

53.6 + 9.7*
4.6 ± 0.6t

57.6 ± 8.9

4.0 ± 0.4t
5.3 ± 0.4t

53.7 ± 7.7
4.9 ± 0.4t

49.5 ± 10.9
47.9 ± 5.3

3T3 Li murine fibroblasts
8.0 ±

5.2 ±
4.5 ±

5.2 ±

0.5
1.0t
0.6§
0.8*

Cells were treated with cytokines ('1.5 nM) for 24 hr then given
[3H]acetate for 1 hr.
*Mean ± SD (n = 3).
tP < 0.0001 relative to control value.
tP < 0.005 relative to control value.
§P < 0.025 relative to control value.

units ofLPL per hr of heparin exposure per mg of protein (n
= 4; ±SD) (1 unit = 1 ,uM oleic acid per hr). Exposure to both
cytokines (16 hr) markedly decreased the level of LPL
activity. rHuTNF-a was =1 log unit more potent an inhibitor
than rMuIFN-y [IC50, =28 pM (rHuTNF-a); IC50, ="285 pM
(rMuIFN-y)]. The cytokines also decreased the levels of
residual intracellular LPL and the LPL secreted into the
medium during the cytokine incubation (data not shown).

Fatty Acid Release by 3T3 Li Adipocytes. To determine the
effect of cytokines on adipocyte lipolysis, adipocytes were
labeled with [3H]acetate for 24 hr and then treated with
rHuTNF-a, rHuTNF-,, rMuIFN-y (1.5 nM), or PBS, and the
amount of radiolabeled free fatty acid released into the
medium was measured at 8 and 24 hr. The results shown in
Table 4 indicate that all of the cytokines tested caused
-2-fold increase in the efflux of fatty acids into the medium
compared to control cells at both 8 and 24 hr.
rHuTNF-a Binding to 3T3 Li Cells. The specific binding of

125I-labeled rHuTNF-a to differentiated and undifferentiated
3T3 Li cells was studied in control cells and in cells that had
been exposed to rMuIFN-y (59 nM) for 24 hr (Fig. 3).
Preexposure ofME-180 cells to rHuIFN-yhad been shown to
induce rHuTNF-a receptors (32). 3T3 Li adipocytes bound
more than twice as much rHuTNF-a as 3T3 Li fibroblasts
(Fig. 3 A and C). The binding ofrHuTNF-a to both cell types

Table 3. Incorporation of [3H]acetate into different lipid classes
of 3T3 Li adipocytes after 24-hr exposure of cells to
1.5 nM cytokines
Lipid class PBS rHuTNF-a rHuTNF-,f rMuIFN-y

Phospholipid 1.1 ± 0.5 0.2 ± 0.1 0.1 ± 0.1 0.2 ± 0.1
Cholesterol 4.5 ± 0.1 1.0 ± 0.2 0.8 ± 0.1 1.2 ± 0.3
Fatty acid 2.0 ± 0.2 0.8 ± 0.1 0.7 ± 0.1 1.1 ± 0.1
Triglyceride 42.9 ± 0.4 2.0 ± 0.1 2.0 ± 0.1 2.6 ± 0.1
Glycerol

ethers 2.1 ± 0.1 0.2 ± 0.1 0.2 ± 0.1 0.2 ± 0.1
Cholesterol

esters 0.9 ± 0.1 0.3 ± 0.1 0.3 ± 0.1 0.3 ± 0.2

Cells were allowed to take up acetate for 1 hr after cytokine
treatment. Results are expressed as pmol of [3H]acetate incorporated
per hr per mg of protein (mean ± SD of three determinations).

Immunology: Patton et al.
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FIG. 2. Effect of cytokine dose on heparin-released LPL activity
by 3T3 Li adipocytes after 16 hr of exposure to the cytokine. Each
point is the mean ± SEM of pooled data from three separate
experiments. 9, rHuTNF-a; o, rHuIFN-y.

was enhanced by preincubation with rMuIFN-y. However,
rMuIFN-y did not compete with the binding of 1251I-labeled
rHuTNF-a to the cells, indicating distinct receptors for the
two cytokines. In contrast, 1 ILM rHuTNF-pB displaced bound
125I-rHuTNF-a from adipocytes by -70%, which suggests
that rHuTNF-a and -P may have the same or similar
receptors on this cell line. Scatchard analyses of rHuTNF
binding to 3T3 Li adipocytes yielded a curvilinear plot (Fig.
3B), indicating that there are both high- and low-affinity
receptors on adipocytes. 3T3 Li fibroblasts appear to possess
only high-affinity receptors (Fig. 3D).

DISCUSSION
The results of this study show that the ability to inhibit
anabolic processes in 3T3 Li adipocytes and fibroblasts is a

Table 4. Release of free fatty acid into the medium by 3T3 Li
adipocytes incubated in the presence and absence of
1.5 nM cytokine

Time of Free fatty acid
cytokine released, cpm per

Treatment exposure, hr well
PBS 8 11,865 ± 3,910
rHuTNF-a 8 35,898 ± 21,809 P < 0.025
PBS 8 28,674 ± 12,254
rHuTNF-,6 8 60,747 ± 17,439 P < 0.005
PBS 8 27,046 ± 12,129
rMuIFN-y 8 42,505 ± 23,465 P < 0.200
PBS 24 66,571 ± 17,282
rHuTNF-a 24 126,122 ± 91,964 P < 0.200
PBS 24 87,798 ± 28,057
rHuTNF-,6 24 307,632 ± 107,744 P < 0.005
PBS 24 95,951 ± 37,627
rMuIFN-y 24 197,832 ± 10,331 P < 0.005

Each treatment had its own control (PBS) in the same plate.
Results are expressed as mean ± SD of five or six determinations.
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FIG. 3. Analysis of rHuTNF-a receptors on 3T3 Li fibroblasts
and adipocytes. Specific binding of 1251-labeled rHuTNF-a to
adipocytes (A) and Scatchard analysis (B). Specific binding of
"II-labeled rHuTNF-a to fibroblasts (C) and Scatchard analysis (D).
Squares, rMuIFN-y preincubation; circles, without rMuIFN-y pre-
incubation. Each point is the mean of three determinations.

common property of several different cytokines and not a
unique property of TNF-a. Although rHuTNF-a and
rHuTNF-,B possess 30% homology in their amino acid se-
quences (22), they are not homologous with rHuIFN-y or
rHuIFN-a (37). Similarly, rHuIFN-y and rHuIFN-a are
distinct molecules, which appear to interact with cells at
separate cell-surface receptors (38). Fibroblast IFN (IFN-3)
has also been shown to inhibit [3H]acetate incorporation into
3T3 Li cells (39). Thus, all three major types of IFN possess
the ability to inhibit anabolic lipid metabolism in adipocytes.
Murine IL-1 appears to partially inhibit LPL activity in
murine adipocytes. However, maximal inhibition is only 50%
(40). The failure of HuIL-2 and HuCSF to suppress murine
adipocyte anabolism may represent simply a lack of such
activity or a difference in species specificity.
Cerami and coworkers' results suggest that MuTNF has no

direct effect on lipolytic enzymes, but instead acts by
regulating the level of transcription of the genes encoding
them (41, 42). Our results show that secretion of free fatty
acids by adipocytes is stimulated by rHuTNF-a and -,3 and
rMuIFN-y. Thus, these cytokines appear to suppress lipid
anabolism and enhance secretion of free fatty acids.
An important focus of cytokine research is to understand

the mechanism of cytotoxicity of rHuTNF-a and -,B and the
IFNs. Those cytokines that exhibited inhibition of lipid
anabolic processes in adipocytes in this study have also been
shown to be cytotoxic or cytostatic to ce-tain cells (5, 43, 44).
It is uncertain whether there is a relationship between
suppression of anabolic metabolism and susceptibility to
cytotoxicity. Suppression of anabolic processes, such as
fatty acid synthesis, may be lethal to TNF-sensitive cells that
possess no fatty acid reserve for membrane biogenesis and

8316 Immunology: Patton et al.
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turnover. It is not known what distinguishes a sensitive and
resistant cell type. Either can have a full complement of
rHuTNF-a receptors (45). Indeed, the growth of some cell
types is actually stimulated by rHuTNF-a (43).

Mobilizing host defenses against invading pathogens re-
quires an acute source of energy to compensate for loss of
appetite, mount a fever, repair inflamed tissue, and fuel other
critical metabolic needs. In addition, chronic infection and
malignancy also place high demands on energy supplies (25).
Several of the cytokines here have been shown to be important
in these situations (1-3), and their common role in lipid
metabolism may benefit the host. Adipocytes occur not only in
adipose tissue but scattered singly or in groups in loose
connective tissue throughout the body, especially along blood
vessels. We can speculate that during the multiple phases of
host response to infection there is a succession of cytokines
appearing and disappearing in the circulation or at the site of
infection. If many of the cytokines possess lipid mobilization
activity, the body will be provided with energy throughout the
different phases of the infection. Alternatively, different infec-
tions (e.g., viral or microbial) or different tissues or cells in the
same infection may induce a different set ofcytokines (1). Thus,
if energy mobilization is to occur in many types of infections or
from many sites within the body, it is critical that several
cytokines, with overlapping biological functions, have evolved
to share this host defense activity.
Note Added in Proof. Kurzrock et al. have shown that rHuIFN-y
induces hypertriglyceridemia and inhibits post-heparin LPL activity
in cancer patients (46).

We thank Drs. Bryan Finkle, Art Amman, and Ruth Billings for
helpful suggestions with this manuscript; Polly Moore for the
computer-generated graphics; Ernst Rinderknecht, Gene Burton,
JeffGorrell, and coworkers for purification of the cytokines; and Tim
Bringman for the rHuTNF-a antibody.

1. Stewart, W. E., II (1979) The Interferon System (Springer-
Verlag, Berlin and New York).

2. Fidler, I. J. (1985) Cancer Res. 45, 4714-4726.
3. Sreevalsan, T. (1984) in Interferon, ed. Friedman, R. M.

(Elsevier, New York), Vol. 3, pp. 343-387.
4. Pestka, S., Kelder, B., Familletti, P. C., Moscheras, J. A.,

Crowl, R. & Kemper, E. S. (1983) J. Biol. Chem. 258,
9706-9709.

5. Doyle, M. V., Brindley, L., Kawasaki, E. & Larnick, J. (1985)
Biochem. Biophys. Res. Commun. 130, '768-773.

6. Rubin, B. Y., Anderson, S. L., Sullivan, S. A., Williamson,
B. D., Carswell, E. A. & Old, L. J. (1985) Proc. Natl. Acad.
Sci. USA 82, 6637-6641.

7. Goeddel, D. V., Leung, D. W., Dull, T. J., Gross, M., Lawn,
R. M., McCandliss, R., Seeburg, P. H., Ullrich, A., Yelver-
ton, E. & Gray, P. W. (1981) Nature (London) 290, 20-26.

8. Gray, P. W., Leung, D. W., Pennica, D., Yelverton, E.,
Najarian, R., Simonsen, C. C., Derynck, R., Sherwood, P. J.,
Wallace, D. H., Berger, S. L., Levinson, A. D. & Goeddel,
D. V. (1982) Nature (London) 295, 503-508.

9. Auron, P. E., Webb, A. C., Aosenwasser, L. J., Mucci, S. F.,
Rich, A., Wolff, S. M. & Dinarello, C. A. (1984) Proc. Natl.
Acad. Sci. USA 81, 7907-7911.

10. Aggarwal, B. B., Kohr, W. J., Hass, P. E., Moffat, B., Spen-
cer, S. A., Henzel, W. J., Bringman, T. S., Nedwin, G. E.,
Goeddel, D. V. & Harkins, R. N. (1985) J. Biol. Chem. 260,
2345-2354.

11. Taniguchi, T., Matsui, H., Fujita, T., Takaoka, C., Kashima,
N., Yoshimoto, R. & Hamuro, J. (1983) Nature (London) 302,
305-310.

12. Caput, D., Beutler, B., Hartog, K., Thayer, R., Brown-
Shimer, S. & Cerami, A. (1986) Proc. Natl. Acad. Sci. USA
83, 1670-1674.

13. Scott, G. M. (1983) Interferon 5, 85-114.
14. Kurzrock, R., Rosenblum, M. G., Sherwin, S. A., Rios, A.,

Talpaz, M., Quesada, J. R. & Gutterman, J. U. (1985) Cancer
Res. 45, 2866-2872.

15. Palladino, M. A., Svedersky, L. P., Shepard, H. M., Pearl-
stein, K. T., Vilcek, J. & Scheid, M. P. (1985) in Interferon:
Research, Clinical Application and Regulatory Consideration,
ed. Zoon, K. C., Noguchi, P. D. & Liu, T. Y. (Elsevier, New
York), pp. 139-147.

16. Robbins, C. H. (1983) Adv. Exp. Med. Biol. 166, 37-44.
17. Nedwin, G. E., Svedersky, L. P., Bringman, T. S., Palladino,

M. A. & Goeddel, D. V. (1985) J. Immunol. 135, 2492-2497.
18. Drummond, D. C., Wolsterrcroft, R. A., Panayi, G. S.,

Mathew, M. & Howson, W. T. (1969) Nature (London) 224,
38-42.

19. Benjamin, W. R. & Farrar, J. J. (1983) Lymphokine Res. 2,
33-54.

20. Sidman, C. L., Marshall, J. D., Schultz, L. D., Gray, P. W. &
Johnson, H. M. (1984) Nature (London) 309, 801-804.

21. Aggarwal, B. B., Kohr, W. J., Henzel, W. J., Moffat, B. &
Hass, P. E. (1985) in Cellular and Molecular Biology of
Lymphokines, eds. Sorg, C. & Schimpl, A. (Plenum, New
York), pp. 665-673.

22. Pennica, D., Nedwin, G. E., Hayflick, J. S., Seeburg, P. H.,
Derynck, R., Palladino, M. A., Kohr, W. J., Aggarwal, B. B.
& Goeddel, D. V. (1984) Nature (London) 312, 724-729.

23. Beutler, B. D., Greenwald, J. P., Hulmes, M., Chang, M.,
Pan, Y. C. E., Mathison, J., Uleritch, R. & Cerami, A. (1985)
Nature (London) 316, 552-554.

24. Beutler, B. & Cerami, A. (1986) Nature (London) 320,
584-588.

25. Beisel, W. R. (1975) Annu. Rev. Med. 26, 9-20.
26. Weck, P. K., Apperson, S., Stebbing, N., Gray, P. W.,

Leung, D., Shepard, H. M. & Goeddel, D. V. (1981) Nucleic
Acids Res. 9, 6153-6166.

27. Gray, P. W., Aggarwal, B. B., Benton, C. V., Bringman,
T. S., Henzel, W. J., Jarrett, J. A., Leung, D. W., Moffat, B.,
Ng, P., Svedersky, L. P., Palladino, M. A. & Nedwin, G. E.
(1984) Nature (London) 312, 721-724.

28. Gray, P. W. & Goeddel, D. V. (1983) Proc. Natl. Acad. Sci.
USA 80, 5842-5846.

29. Karlsson, F. A., Grunfeld, C., Kahn, C. R. & Roth, J. (1979)
Endocrinology 104, 1383-1391.

30. Grunfeld, C., Baird, K., Van Obberghen, E. & Kahn, C. R.
(1981) Endocrinology 109, 1723-1730.

31. Folch, J., Lees, M. & Sloane-Stanley, G. H. (1957) J. Biol.
Chem. 226, 497-509.

32. Aggarwal, B. B., Eessalu, T. E. & Hass, P. E. (1985) Nature
(London) 318, 665-667.

33. Schotz, M. C., Garfinkel, A. S., Hueboltes, R. J. & Stewart,
J. E. (1970) J. Lipid Res. 11, 68-69.

34. Gavin, L. A., McMahon, F. & Moeller, M. (1985) Diabetes 34,
1266-1271.

35. Lowry, 0. H., Rosebrough, N. J., Farr, A. L. & Randall,
R. J. (1951) J. Biol. Chem. 193, 265-275.

36. Biggs, H. G., Erickson, J. M. & Moorhead, W. R. (1975) Clin.
Chem. 21, 437-441.

37. Langer, J. A. & Pestka, S. (1985) Pharmacol. Ther. 37,
371-401.

38. Czarniecki, C. W., Fennie, C. W., Powers, D. B. & Estell,
D. A. (1984) J. Virol. 49, 490-496.

39. Keay, S. & Grossberg, S. E. (1980) Proc. Natl. Acad. Sci.
USA 77, 4099-4103.

40. Beutler, B. A. & Cerami, A. (1985) J. Immunol. 135,
3969-3971.

41. Kawakami, M., Pekala, P. H., Lane, M. D. & Cerami, A.
(1982) Proc. Natl. Acad. Sci. USA 79, 912-916.

42. Torti, F. M., Dieckmann, B., Beutler, B., Cerami, A. &
Ringold, G. M. (19g5) Science 229, 867-869.

43. Sugarman, B. J., Aggarwal, B. B., Hass, P. E., Figari, I. S.,
Palladino, M. A., Jr.,-& Shepard, H. M. (1985) Science 230,
943-945.

44. Aggarwal, B. B., Moffat, B., Lee, S. H. & Harkins, R. N.
(1984) in Thymic Hormones and Lymphokines, ed. Goldstein,
A. L. (Plenum, New York), pp. 235-245.

45. Tsujimoto, M., Yip, Y. K. & Vilcek, J. (1985) Proc. Nati.
Acad. Sci. USA 82, 7626-7630.

46. Kurzrock, R Rohde, M. F., Quesada, J. R., Gianturo, S. H.,
Bradley, W. A., Sherwin, S. A. & Gutterman, J. U. (1986) J.
Exp. Med., in press.

Immunology: Patton et A


