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ABSTRACT

We have previously shown human lipid-mobilizing factor 11 Ml >to be
homologous with the plasma protein Zn-Â«2-glycoprotein in amino acid

sequence, electrophoretic mobility, and immunoreactivity. In this study,
both IMI and Zn-a2-glycoprotein have been shown to stimulate glycerol

release from isolated murine epididymal adipocytes with a comparable
dose-response profile. Both I.MI and Zn-a2-glycoprotein caused a stim

ulation of adenylate cyclase in murine adipocyle plasma membranes in a
GTP-dependent process, with maximum stimulation at 0.1 /Â¿MGTP and

with saturation at protein concentrations of >5 /Â¿g/assay.Administration
of LMF to exbreeder male mice over a 89-h period produced a decrease in

body weight without a change in food and water intake. Body composition
analysis showed a 42% reduction in carcass lipid when compared with
controls. Treatment of ob/ob mice with human LMF over a 160-h period

also produced a decrease in body weight, with a 19% reduction in carcass
fat, without a change in body water or nonfat mass. Serum levels of
glycerol and 3-hydroxybutyrate were significantly increased, as was oxy

gen uptake by interscapular brown adipose tissue, providing evidence of
increased lipid mobilization and utilization. Human white adipocytes
responded to both LMF and isoprenaline to the same extent, although the
maximal response was lower than that for murine white adipocytes. These
results suggest that LMF not only has the capacity to induce lipid mobi
lization and catabolism in mice, but it also has the potential to exert
similar effects in cachectic cancer patients.

INTRODUCTION

Loss of body fat is a major component of the weight loss that occurs
in cancer patients (1). Mobilization of triglycÃ©rides from adipose
tissue may provide essential fatty acids required for tumor growth (2,
3), and in addition, it provides a high-energy fuel for normal tissues,
to accommodate the extra metabolic demands of the tumor-bearing
state (4). Cachexia-inducing murine tumors produce a LMF.1 which

stimulates lipolysis by activation of HSL through an elevation of
cyclic AMP (5). A similar LMF has been shown to be excreted in the
urine of cachectic cancer patients (6). Evidence that this may be
important in lipid catabolism in vivo has been provided by the finding
of a 2-fold increase in the relative level of mRNA for HSL in the

adipose tissue of cancer patients when compared with controls (7).
We have purified to homogeneity the LMF from the urine of

cachectic cancer patients and shown it to be homologous with the
plasma protein Zn-a-,-glycoprotein in amino acid sequence, electro

phoretic mobility, and immunoreactivity (8). Furthermore, expression
of Zn-os-glycoprotein in mouse tumors was found to correlate with

the depletion of carcass lipids when these tumors were transplanted
into mice. There was no evidence that the Zn-os-glycoprotein was

binding catecholamines, which could give the same biological effects.
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Here, the ability of authentic Zn-a2-glycoprotein to stimulate lipol

ysis and cyclic AMP formation has been examined and compared with
the effect of LMF isolated from cancer patient urine. In addition, the
ability of LMF to initiate lipid catabolism in vivo has been studied
using exbreeder and obi ob mice.

MATERIALS AND METHODS

Animals. Pure-bred NMRI and oh/oh mice were bred in our own colony,
whereas male BKW mice (40-50 g) were purchased troni Banting and King-

man (Grimeslone. Hull. United Kingdom).
Serum Metabolite Determinations. NEFA was determined using a Wako-

ASC-ACOD kit (Wako Chemical GmbH, Neuss. Germany). TriglycÃ©rides

were determined using a triglycÃ©ridekit (Sigma Chemical Co.. Poole. United
Kingdom) and 3-hydroxybutyrate by a quantitative enzymatic determination

kit (Sigma). Glucose was measured using a glucose analyzer (Beckman. Irvine.
CA), and glycerol was determined enzymatically using the method of Wieland
(9).

Lipolytic Assay. Single-cell suspensions of white adipocytes were pre

pared from finely minced epididymal fat pads of male BKW mice using
collagcnase digestion (10). Samples to be assayed were incubated with 10s-
2 X 10s adipocytes (determined by means of hemocytometer measurements)

for 2 h at 37Â°Cin 1 ml of Krebs-Ringer bicarbonate buffer (pH 7.2). The

concentration of glycerol released was determined enzymatically by the
method of Wieland (9). Control samples containing adipocytes alone were
analyzed to determine the spontaneous glycerol release. Lipid-mohilizing
activity was expressed as jumol glycerol released/105 adipocytes/2 h.

Isolation of Human Omental Adipocytes. Human omental adipose tissue
was removed under general anesthesia and transported immediately to the
laboratory. Fragments of tissue (roughly equivalent in size to a pair of murine
epididymal fat pads) were digested to produce a single-cell suspension of
adipocytes by incubation at 37Â°Cfor 30 min in a shaking water bath in a I-ml

aliquot of Krebs-Ringer bicarbonate buffer supplemented with 4% BSA, 1

g/liter glucose, and 1.5 mg/ml collagenasc.
Purification of LMF. Material capable of inducing lipolysis in isolated

murine epididymal adipocyles was purified from the urine of cancer patients
using a combination of ion exchange, exclusion, and hydrophobic chromatog-
raphy on Resource-Iso (8). To evaluate biological activity, salt was removed

from the sample through an Amicon filtration cell containing a membrane filter
with a molecular weight cutoff of 10.000 against PBS. Zn-os-glycoprotein was

purified from human plasma as described previously (8).
Isolation of Adipocyte Plasma Membranes. The protocol was based on

that previously published by Belsham el til. (11). White adipocytes were
isolated from mouse epididymal fat pads as above, except that cells were
washed in 250 mM sucrose, 2 mM EGTA, and 10 min Tris-HCI (pH 7.4).

Adipocytes were resuspended in 20 ml of the above buffer and homogenized
by aspirating through a Swinny filter at least 10 times. The cell homogenate
was then centrifuged at 3(X) x g for 5 min, the fat cake was removed from the
surface, and the remaining pellet and intranatanl were transferred to clean
tubes. These were centrifuged at 30.000 x g for 1 h at 4Â°C.and the membrane

pellet formed was resuspended in the sucrose buffer (200-41X) Â¡i\).Plasma
membranes were separated from other organelle membranes on a self-forming

Percoli gradient. The constituents were mixed in the ratio 32 parts of 250 mM
sucrose. 2 m.MEGTA, and 10 m.MTris-HCI (pH 7.4); 7 parts of Percoli; and
1 part of 2 M sucrose. 8 mM EGTA. and 80 mM Tris-HCI (pH 7.4). together

with the membrane suspension (in a total volume of 8 ml), and the mixture was
centrifuged at 10.000 x g for 30 min at 4Â°C.The gradient was fractionated into

0.75-ml portions, and each was assayed for the presence of succinate dehy-
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BIOLOGICAL EFFECTS OF A L1PID-MOBILIZING FACTOR

drogenase (12), NADH-cytochrome c reducta.se (13), lÃ¡clate dehydrogenase
(14), and 5'-nucleotidase (15) to locate the plasma membrane fraction. The

membrane tractions were resuspended in 150 mM NaCl, 1 mM EGTA. and 10
mM Tris-HCl (pH 7.4) and centrifugea at 10,000 X K at 4Â°Cfor 2 min. The

process was repeated twice. The washed plasma membranes were diluted in 10
mM Tris-HCl (pH 7.4), 250 mM sucrose. 2 mM EGTA. and 4 /MMphenylmeth-
ylsultbnyl fluoride at 1-2 mg/ml. snap-frozen in liquid nitrogen, and stored at
-70Â°C until use.

Adenylate Cyclase Assay. The assay was based on that developed by
Salomon et al. (16). Briefly, water (negative control), isoprenaline (positive
control), or LMF was added to an assay mix (final volume = 100 /nl)

containing (final concentration) 25 mM Tris-HCl (pH 7.5), 5 mM MgCl,. GTP

(at concentrations depicted in the figure legends), 8 mM creatine phosphate. 16
units/ml creatine phosphokinase. 1 mM 3-isobutyl-l-methylxanthine, and 1 mM
[a-12P]ATP (specific activity = 20 mCi/mmol). Preincubation was at 30Â°Cfor

5 min, and the reaction was initiated by the addition of plasma membrane
(typically 50 /xg of protein). After 10 min at 30Â°C,the reaction was terminated

by the addition of 100 ^1 of a solution containing 2% SDS, 40 mM ATP, and
1.4 m.Mcyclic AMP. To determine recovery of cyclic AMP. [8-'H]adenosine

3'.5'-cyclic phosphate (1 /iCi in 50 ftl of water) was added to each tube.
Background binding was determined by running samples without [a-'2P]ATP,

and sample controls without plasma membranes were set up.
Samples containing labeled nucleotides were diluted to 1 ml with water and

loaded onto Dowex 50W8-400 columns primed with 10 ml of water. After

washing twice with 1 ml of water, the cyclic AMP was eluted with 3 ml of
water into polypropylene tubes containing 200 n\ of 1.5 M imidazole (pH 7.2).
The samples were then applied to Alumina WN-3 columns (previously washed

with 8 ml of O.I M imidazole (pH 7.5)]. and the eluate was collected directly
into scintillation vials containing Optiphase HiSafe 3 scintillation fluid. A
further 1 ml of 0. l M imidazole was added to the columns, and the eluate was
combined with the run-through. The radioactivity was determined using a
Tri-carb 2(XX)A scintillation analyzer.

RESULTS

Both human urine LMF and human plasma Zn-a2-glycoprotein
stimulated glycerol release from isolated murine epididymal adipo-
cytes in a dose-related manner (Fig. 1). Induction of lipolysis in
adipocytes is thought to be mediated by an elevation of the intracel-

lular mediator cyclic AMP. Incubation of murine adipocyte plasma
membranes with the human LMF caused a stimulation of adenylate
cyclase activity in a GTP-dependent process, with maximal stimula

tion occurring at 0.1 /AMGTP (Fig. 2A). Activation of adenylate
cyclase was saturatable, with concentrations of LMF of >5 /Â¿g/assay
(Fig. 3A). Human plasma Zn-a2-glycoprotein also stimulated murine
adipocyte plasma membrane adenylate cyclase in a GTP-dependent

manner, with maximal stimulation also at 0.1 Â¡IMGTP (Fig. 2B). The
dose-response relationship for activation of adenylate cyclase by
Zn-a2-glycoprotein (Fig. 3S) was similar to that for LMF (Fig. 3A).

To determine whether the human LMF was capable of fat depletion
in vivo material was injected i.v. to male exbreeder NMRI mice over
a 72-h period (Fig. 4), the animals were killed at 89 h, and the body

composition and serum metabolite levels were determined (Table 1).
There was a progressive decrease in body weight of the animals
receiving LMF, which was significantly lower than that of PBS-

treated controls, within 41 h of treatment. Total body weight de
creased by 3.9 g during the 89-h period without a change in food and

water intake (Table 1). Body composition analysis showed a large
reduction (42%) in the body fat content of mice receiving LMF, with
a tendency to increase the nonfat mass, although this did not reach
significance. Despite the fat mobilization, there were significant re
ductions in the serum concentrations of nonesterified fatty acids,
glycerol, and glucose (Table 1) in mice receiving LMF.

Chronic treatment of ob/ob mice with LMF produced a similar
result. There was a decrease in total body weight, which became
significant within 24 h of the first injection (Fig. 5) and remained
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Fig. 1. Stimulation of lipolysis in freshly isolated murine epididymal adipocytes by
human LMF (Ai and human Zn-or2-glycoprotein (ÃŸ).Columns, means: bars. SE. The data
are representative of Ihree separate experiments. Values for glycerol release from fat cells
alone have been subtracted from the values given. Differences from controls were
determined by Student's nest and are indicated as follows: *, P -s 0.05; Â»*,P s 0.0 hand

***, P s 0.005.

below that of the control group over the 160 h of the experiment. Body
composition analysis showed weight loss to arise from a decrease in
carcass fat (26.03 Â±0.70 g in controls and 21.09 Â±0.99 g in
LMF-treated animals), without an alteration in the water or nonfat
mass (Table 2). Serum levels of glycerol and 3-hydroxybutyrate were

significantly increased, whereas blood glucose levels were decreased
and there was no effect on either triglycÃ©rideor NEFA levels (Table
2). There was a significant increase in the oxygen uptake in inter-

scapular BAT from mice receiving LMF (Table 2). Thus, measure
ment of circulating NEFA or glycerol may not be expected to give an
estimation of the overall rate of lipolysis because the values will be
strongly influenced by an increased rate of metabolism in BAT. This
can be seen by comparing the serum metabolite levels 60 h after the
first injection of LMF (Table 3) with the values at 160 h. At 60 h, the
serum levels of NEFA, glycerol, and triglycÃ©rideswere all increased,
whereas at 160 h. only serum glycerol was increased. These results
suggest that prolonged administration of LMF induces an increased
utilization of NEFA and triglycÃ©ridesin obi oh mice. Interestingly,
blood glucose levels are depressed despite an increased metabolic flux
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Fig. 2. GTP dose dependency of stimulation of adenylate cyclase in isolated murine
adipocyte plasma membranes by human LMF (10 jig; A) and by Zn-a2-glycoprotein (8
fig; B). Columns, means Ui = 3); bars, SE. The data are representative of three separate
experiments. Differences from basal values were determined by Student's / test and are

indicated as follows: *. P s 0.05: **. P s 0.01.

from lipids, although this does not reach significance at 60 h. At
160 h, serum 3-hydroxybutyrate levels were significantly elevated,

confirming an increased metabolism of fat. These results show that, in
two model systems, human LMF produces a decrease in carcass
weight specifically by depletion of adipose tissue.

To determine the effectiveness of LMF in cancer patients, a com
parison has been made of the response of human and mouse white
adipocytes to the lipid-mobilizing effect of human and mouse LMF

and isoprenaline in vitro. Human white adipocytes responded to
isoprenaline with a maximal response that was ~6-fold lower than

murine white adipocytes (Fig. 6A). Murine white adipocytes also
responded to murine LMF to a greater extent than human white
adipocytes, although the difference in response (2-fold) was less than

that for isoprenaline (Fig. 6ÃŸ).The lipolytic response of murine
adipocytes to human LMF was less than that to murine LMF (Fig.
6C). In contrast, both human and mouse white adipocytes responded
to a similar extent to human LMF (Fig. 6Q, with a maximal response
of about half of that found for mouse LMF on mouse white adipocytes

(Fig. 6ÃŸ)but similar to that for isoprenaline on human adipocytes
(Fig. 6A). High concentrations of human LMF seem to produce a
down-regulation of the lipolytic response, an effect also observed with

other stimulators of lipolysis, e.g., isoprenaline. These results confirm
that LMF is capable of inducing lipolysis in human fat cells with the
same low response as that observed with isoprenaline.

DISCUSSION

Lipolysis in adipocytes is initiated by HSL, which is regulated by
reversible phosphorylation at a single serine residue catalyzed by
cyclic AMP-dependent protein kinase A (17). Most hormones and

other substances act directly on lipolysis by increasing or decreasing
the adipocyte concentration of cyclic AMP. Both LMF and Zn-a2-

glycoprotein have been shown to stimulate lipolysis in isolated murine
epididymal adipocytes, and this stimulation is associated with an
activation of adenylate cyclase in adipocyte plasma membranes in a
GTP-dependent manner. The dose-response profiles for LMF and
Zn-a2-glycoprotein are comparable: both require 0.1 /J.M GTP for

maximal stimulation, and both produce similar levels of cyclic AMP
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Fig. 3. Dose dependency of stimulation of adenylate cyclase in isolated murine
adipocyle plasma membranes by human LMF (A) and by Zn-a,-glycoprotein (B} in ihe
presence of 0.1 ILMGTP. Columns, means (n = 4); bars. SE. The data are representative
of three separate experiments. Differences from basal values were determined by Stu
dent's ( test and are indicated as follows: **, P s 0.01; and Â«*Â»,P s 0.005.
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BIOLOGICAL EFFECTS OF A LIPID-MOHII.I/ING FACTOR

Fig. 4. Change in body weight of exbreeder male *;
NMRI mice (30-40 g) produced by i.V. adminis- 5"

tration of LMF (8 fig) isolated from human urine as 5
described in "Materials and Methods" (O) and con- >,

trol mice administered PBS by i.v. injection (X). $
LMF was injected al limes 0. 17. 24, 41. 48. 62. and c
72 h. and PBS was injected at the same time points: 'J

the animals were terminated 89 h after ihe first g"

injection. Dula points, means for five animals per .2
group; bars, SE. Differences from control values u

were determined by two-way ANOVA. followed by
Tukey's test, and are indicated as follows: **.

/>Â« 0.01.
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with similar concentrations of agonists. These data, together with the
ability of polyclonal antisera to Zn-os-glycoprotein to neutralize in

vitro lipolysis by human LMF, the homology in amino acid sequence,
and electrophoretic mobility (8), provide strong evidence that LMF is,
indeed, Zn-a-,-glycoprotein. Previous reports have shown that Zn-a2-

glycoprotein is an adhesive protein (18) that is closely related to
antigens of the major histocompatibility complex in amino acid se
quence and domain structure (19), but there have been no reports of
the capacity of Zn-os-glycoprotein to induce lipolysis. At present, the

mechanism by which a large acidic protein can stimulate adenylate
cyclase is not known because polypeptides having a similar role are
small and basic.

This study also provides evidence for the ability of the human LMF
to selectively mobilize body fat. both in exbreeder and in obi ob mice,
as well as the capacity to stimulate lipolysis in human white adipo-

cytes. The effect of the LMF in vivo differs from that of a sulfated
glycoprotein of M, 24,000, which we have recently isolated both from
the MAC 16 tumor and the urine of cachectic cancer patients, where
the decrease in carcass weight arose predominantly from a decrease in
the nonfat mass arising from a catabolic effect on skeletal muscle (20,
21 ). Interestingly, both factors produce a decrease in blood glucose, an
effect also observed in mice bearing the MAC 16 tumor unrelated to
production of insulin-like growth factor I or insulin-like growth factor

II (22).
Chronic administration of human LMF to both ex-breeder and

ob/ob mice provided evidence for an increased fat catabolism and
utilization. For obi ob mice, a significant difference in body weight
from the control group was observed after two injections of human
LMF (70 Â¡igof protein: Fig. 5). Although the normal plasma concen
tration of Zn-a2-glycoprotein has not been reported in the mouse, the

concentration in human plasma or serum has been shown to range
between 50 and 140 jug/ml (23). Assuming that the value for the
mouse is similar and that the plasma volume is 2 ml. administration of
human LMF would increase the plasma concentration between 25 and
70%, assuming no loss by metabolism. Because the lipolytic effect of
Zn-os-glycoprotein is dose related (Fig. 1). this may be sufficient to

stimulate lipolysis in vivo. Thus, a 50% increase in the concentration
of Zn-a2-glycoprotein in vitro gives a significant change in the
lipolytic response (Fig. 1). Zn-a2-glycoprotein is normally expressed

in liver, but an increased expression of the gene has been reported in
both benign and malignant breast tissues (24). This may raise the
plasma concentration above the threshold required to produce lipol
ysis.

The effect of human LMF in ohlob mice has features in common

Table I Effect of LMF isolated from hitman urine on hod\ weigh!. bod\ composition,
food and water intake, and serum metabolite levels in exhreeder male NMRI mice"

ParameterFinal

body weight(g)Water
(g)Nonfat

mass(g)Fat
mass(g)Food

intake(g/day)Water
intake(ml/day)NEFA

(meq/liter)Glycerol
(mM)TriglycÃ©ride
(mg/liler)Glucose

(mg/100 ml)Control35.5

Â±2.022.0
Â±0.97.7
Â±0.85.9
Â±0.68.0
Â±0.64.5
Â±0.81.63
Â±0.098.86
t.0.510.323
Â±0.036223
Â±9Treated31.6

Â±2.218.3
Â±0.89.6
Â±0.93.4
Â±0.48.0
Â±0.24.4
Â±0.40.95
Â±0.036.73
Â±0.450.201
Â±0.027186
Â±0.08P0.01NShNS0.05NSNS0.0030.05NS0.02

" Material was administered to mice according to the schedule in Fig. 4. Values

represent the mean Â±SE for five mice per group. Differences from control values were
determined hy Student's I test.

''NS, not significant; meq. milliequivalent(s).
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BIOLOGICAL EFFECTS OF A LIPIU-MOBILI/ING FACTOR

Fig. 5. Change in body weight of ob/ob mice
produced by i.v. administration of LMF (35 /Â¿g;O)
isolated from human urine as described in "Mate
rials and Methods" and control mice (X| adminis

tered PBS by i.v. injection. LMF was injected at
times 0, 16, 24, 40, 48, 64, 72, 90, 96. 113, 120,
137, and 144 h and PBS was injected at the same
time points; the animals were terminated 160h after
the first injection. The starting weights of the mice
are given in Table 2. Data points, means for five
animals per group; bars. SE. Differences from con
trol values were determined by two-way ANOVA.
followed by Tukey's test, and are indicated as fol

lows: ****. P s 0.001.

f
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12 24 36 48 60 72 84 96 108 120 132 144 156

Table 2 Effect of human LMF on body weight, body composition, food and waler
intake, and serum metabolite levels in ob/ob mice 160 h after the first injection"

Parameter Control Treated

Initial body weight(g)Final
body weight(g)Water

(%)Nonfat
(%)Fat
(%)NEFA
(meq/liter)Glycerol
(mM)TriglycÃ©ride
(mg/liter)Glucose

(mg/100ml)3-Hydroxybutyrate
(HIM)Oxygen

uptake (fil/mg BAT/h)66.773.150.315.534.61.474.24.30.50.90.60.122.51

Â±0.280.40
Â±0.05317
Â±110.30
Â±0.020.18
Â±0.0667.969.553.717.430.61.455.310.492602.94.31.11.00.70.450.450.04120.44

0.010.55
Â±0.07NS"0.01NSNS0.05NS0.02NS0.020.0010.009

" Material was administered to mice according to the schedule in Fig. 5. Values

represent the mean Â±SE for five mice per group. Differences from control values were
determined by Student's 1 test.

* NS, not significant; meq. milliequivalem(s).

with the administration of leptin (the OB protein: Refs. 25 and 26).
Both produced weight loss and a reduction in body fat content, which
was associated with a marked reduction in plasma glucose levels.
However, weight loss produced by leptin was associated with a
decrease in food and water intake, whereas there was no change in
these parameters in mice administered LMF. The ability to reduce
adipose tissue without affecting muscle mass suggests that LMF could
be of use in the treatment of obesity in humans with increased
susceptibility to maturity-onset diabetes.

The mode of degradation of adipose tissue by LMF is analogous to
that for the lipolytic hormones and differs from that of the cytokines,
the primary effect of which appears to be inhibition of the clearing

enzyme lipoprotein lipase, which would prevent adipocytes from
extracting fatty acids from plasma lipoproteins for storage, resulting in
a net flux of lipid into the circulation (27). Treatment of animals with
cytokines such as tumor necrosis factor causes a marked hypertri-

glyceridemia (28) that probably results from a stimulation of hepatic
lipogenesis rather than inhibition of lipoprotein lipase (29). In con
trast, chronic administration of LMF to exbreeder mice causes no
change in plasma triglycÃ©ridelevels, a situation similar to those found
in animals bearing the MAC16 tumor (28) and in ovarian cancer
patients, in whom triglycÃ©rideswere reduced compared with normal
individuals (30). However, in ob/ob mice, both long- and short-term

administration of LMF caused an increase in serum glycerol concen
trations, confirming an increase in lipolysis.

For LMF to reduce carcass lipid content, there must not only be an
increase in lipolysis but also an increase in utilization of fat; other
wise, resynthesis of triglycÃ©rideswill occur through the triacylglyc-
erol/fatty acid substrate cycle. Although short-term (60 h) adminis-

Table 3 Effect of human LMF on serum metabolite levels in ob/ob mice W h after the
first injection"

ParameterNEFA

(meq/liter)Glycerol
(mM)TriglycÃ©ride
(nig/liter)Glucose

(mg/100ml)3-Hydroxybutyrate
(mM)Control1.42

Â±0.063.00
Â±0.630.51

Â±0.06361
Â±350.39
Â±0.03Treated3.75

Â±0.78.56
Â±1.280.75
Â±0.06243
Â±300.54
Â±0.07P0.010.050.020.07NSfc

" Values represent the mean Â±SE for five mice per group. Differences from control
values were determined by Student's f test.

ANS. not significant: meq. milliequivalentls).
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BIOLOGICAL EFFECTS OF A LIPID-MOBILIZING FACTOR

Fig. 6. Effect of Â¡soprenalinc (A>. murine LMF (ÃŸ).and luun.m
LMF 1C) on the induction of lipolysis in freshly isolated murine (O)
and human (â€¢)white adipocytes. Glycerol production over a 2-h
period was determined as described in "Materials and Methods."

Dtitti Â¡taints,means (n ~ 3); bars, SE.
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(ration of LMF to ohloh mice produced a significant elevation of
NEFA and triglycÃ©ride,confirming an increased lipid mobilization,
there was no significant elevation of these serum metabolites after
160 h, but there was a significant increase in 3-hydroxybutyrate,

commensurate with an increased lipid utilization. There was also a
3-fold increase in oxygen consumption by interscapular BAT, sug

gesting an increase in thermogenesis. Pharmacological studies indi
cate that the ÃŸ-receptor subtype responsible for the stimulation of
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oxygen consumption in BAT is exclusively the ÃŸ3subtype (31). This
suggests that the action of LMF on adipose tissue could be mediated
through stimulation of a j33receptor. However, although human white
adipose tissue contains mRNA for the ÃŸ3adrenoceptor (32), the
expression is very low (33). This may explain the low response of
human white adipocytes to both isoprenaline and LMF and a similar
maximal response to human LMF in mouse and human white adipo
cytes. These results suggest that LMF has the potential to induce lipid
mobilization and catabolism in humans.

REFERENCES

1. Heymsfield, S. B., and McManus. C. B. Tissue components of weight loss in cancer
patients: a new method of study and preliminary observations. Cancer (Phila.), 55:
238-249, 1985.

2. Hussey, H. J., and Tisdale, M. J. Effect of polyunsaturated fatty acids on the growth
of murine colon adenocarcinomas in vitro and in vivo. Br. J. Cancer, 70: 6-10. 1994.

3. Rose, D. P., Connolly, J. M., and Liu, X-H. Effects of linoleic acid on the growth and
metastasis of two human breast cancer cell lines in nude mice and the invasive
capacity of these cell lines in vitro. Cancer Res., 54: 6557-6562, 1994.

4. Hyltander, A., Drott, C, Komer, U., Sandstrom, R.. and Lundholm. K. Elevated
energy expenditure in cancer patients with solid tumours. Eur. J. Cancer, 27: 9-15,

1991.
5. Tisdale, M. J., and Beck, S. A. Inhibition of tumour-induced lipolysis in vitro and

cachexia and tumour growth in vivo by eicosapentaenoic acid. Biochem. Pharmacol..
41: 103-107, 1991.

6. Beck, S. A.. Mulligan, H. D., and Tisdale, M. J. Lipolytic factors associated with murine
and human cancer cachexia. J. Nati. Cancer Inst. (Bethesda), 82: 1922-1926, 1990.

7. Thompson, M. P., Cooper, S. T., Parry, B. R., and Tuckey, J. A. Increased expression
of the mRNA for the hormone-sensitive lipase in adipose tissue of cancer patients.
Biochim. Biophys. Acta, 1180: 236-241, 1993.

8. Todorov, P. T., McDevitt, T. M., Meyer, D., Ueyama, H., Ohkubo, I., and Tisdale,
M. J. Purification and characterization of a tumor lipid-mobilizing factor. Cancer
Res., 58: 2353-2358.

9. Wieland, O. Glycerol UV method, Â¡n:H. U. Bergmeyer (ed.). Methods of Enzymatic
Analysis, pp. 1404-1409. London: Academic Press, 1974.

10. Beck, S. A., and Tisdale, M. J. Production of lipolytic and proteolytic factors by a
murine tumor-producing cachexia in the host. Cancer Res.. 47: 5919-5923, 1987.

11. Belsham. G. J., DentÃ³n, R. M., and Tanner, M. J. A. Use of a novel rapid preparation
of fat-cell plasma membranes employing percoli to investigate the effects of insulin
and adrenaline on membrane protein phosphorylation within intact fat cells. Biochem.
J., 192: 457-467, 1980.

12. Bachman, E.. Allman, D. W.. and Green, D. E. The membrane systems of the
mitochondria. I. The S fraction of the outer membrane of beef heart mitochondria.
Arch. Biochem. Biophys. Â¡15: 153-164, 1966.

13. Dallner, G., Siekevitz, P., and Palade, G. E. Biogenesis of endoplasmic reticulum
membranes, II. Synthesis of constitutive microsomal enzymes in developing rat
hepatocyte. J. Cell Biol., 30: 97-117, 1966.

14. Gutman, I., and Wahefield, A. E. L-(+)-Lactate determination with lÃ¡clatedehydro-

genase and NAD. In: H. U. Bergmeyer (ed.). Methods of Enzymatic Analysis, pp.
1464-1468. London: Academic Press, 1974.

15. Avruch. J.. and Wallach. D. p. H. Preparation and properties of plasma membrane and
endoplasmic reticulum fragments from isolated rat fat cells. Biochim. Biophys. Acta,
233: 334-347, 1971.

16. Salomon, Y.. Londos. C.. and Rodbell, M. A highly sensitive adenylate cyclase assay.
Anal. Biochem., 58: 541-548, 1973.

17. Stralfors, P., Olsson, H., and Belfrange, P. Hormone sensitive lipase. In: P. D. Boyer
and E. G. Krebs (eds.). The Enzymes, pp. 147-177. New York: Academic Press.

1987.
18. Takagaki. M.. Honke. K.. Tsukamoto, T., Higashiyama. S.. Taniguchi, N.. Makita. A.,

and Ohkubo. I. Zn-os-glycoprotein is a novel adhesive protein. Biochem. Biophys.
Res. Commun., 201: 1339-1347, 1994.

19. Araki, T., Gejyo, F., Takagaki. K.. Haupt, H., Schwick, G., BÃ¼rgi,W., Marti, T.,
Schaller, J., Rickli, E., Brossmer, R., Atkinson. P. H.. Putnam, F. W.. and Schmid, K.
Complete amino acid sequence of human plasma Zn-oo-glycoprotein and its homol-
ogy to histocompatibility antigens. Proc. Nati. Acad. Sci. USA. #5: 679-683, 1988.

20. Todorov, P., Cariuk, P., McDevitt. T., Coles, B., Fearon, K., and Tisdale. M.
Characterization of a cancer cachectic factor. Nature (Lond.), 379: 739-742. 1996.

21. Todorov, P. T., McDevitt, T. M., Cariuk, P., Coles, B.. Deacon, M., and Tisdale. M. J.
Induction of muscle protein degradation and weight loss by a tumor product. Cancer
Res., 56: 1256-1261, 1996.

22. McDevitt, T. M.. and Tisdale. M. J. Tumour-associated hypoglycaemia in a murine
cachexia model. Br. J. Cancer. 66: 815-820, 1992.

23. Poortmans. J. R.. and Schmid. K. The level of Zn-a,-glycoprotein in normal human
body fluids and kidney extracts. J. Lab. Clin. Med.. 71: 807-811, 1968.

24. Freije, J. P., Fueyo, A., Una, J.. and Lopez-Olin. C. Human Zn-a2-glycoprotein

cDNA cloning and expression analysis in benign and malignant breast tissues. FEBS
Lett, 290: 247-249, 1991.

25. Pelleymounter, M. A., Cullen. M. J.. Baker. M. B.. Hecht, R., Winters, D., Boone, T.,
and Collins. F. Effects of the obese gene product on body weight regulation in ob/ob
mice. Science (Washington DCl. 269: 540-543, 1995.

26. Halaas, J. L., Gajiwala. K. S.. Maffei. M., Cohen, S. L., Chait. B. T.. Rabinowitz. D.,
Lallone. R. L.. Burley, S. K., and Friedman, J. M. Weight reducing effects of the
plasma protein encoded by the obese gene. Science (Washington DC), 269: 543-546.

1995.
27. Strassman, G.. and Kambayashi, T. Inhibition of experimental cancer cachexia by

anti-cytokine and anti-cytokine receptor therapy. Cytokines Mol. Ther., /: 107-113,

1995.
28. Mahony, S. M.. Beck. S. A., and Tisdale, M. J. Comparison of weight loss induced

by recombinant tumour necrosis factor with that produced by a cachexia-inducing
tumour. Br. J. Cancer, 57: 385-389, 1988.

29. Grunfeld, C.. and Feingold. K. R. Tumour necrosis factor, cytokines and hypcrlipi-
demia of infection. Trends Endocrinol. Metab., 2: 213-219, 1991.

30. Gercel-Taylor. C., Doering. D. L.. Kraemer. F. B.. and Taylor. D. D. Aberrations in

normal systemic lipid metabolism in ovarian cancer patients. Gynecol. Oncol.. 60:
35-41. 1996.

31. Howe. R. 0,-Adrenergic agonists. Drugs Future, 18: 529-549, 1993.

32. Granneman, J. G.. Lahners, K. N., and Chaudhry. A. A characterization of the human
ÃŸ,-adrenergic receptor gene. Mol. Pharmacol., 44: 264-270, 1993.

33. Deng. C., Paoloni-Giacobino, A., Kushne. F., Boss, O., Revelli, J-P. Moinat. M.,
Cawthorne. M. A., Muzzin, P., and Giacobino. J-P. Respective degree of expression
of ÃŸ,-,ÃŸ-,-and ÃŸ3-adrenoceptors in human brown and white adipose tissue. Br. J.
Pharmacol., 118: 929-934, 1996.

2365

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/58/11/2359/2466368/cr0580112359.pdf by guest on 19 M

ay 2023




