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ABSTRACT

Cancer patients with weight loss showed urinary excretion of a lipid-

mobilizing factor (LMF), determined by the ability to stimulate lipolysis in
isolated murine epididymal adipocytes. Such bioactivity was not detecta
ble in the urine of cancer patients without weight loss or in normal
subjects. The LMF was purified using a combination of ion exchange,
exclusion, and hydrophobic interaction chromatographies to give a single
component of apparent Mr 43,000, which showed homology in amino acid
sequence with human plasma Zn-a2-glycoprotein. Both substances

showed the same mobility on denaturing and nondenaturing gels and the
same chymotrypsin digestion pattern, both stained heavily for carbohy
drate, and they showed similar immunoreactivity. Polyclonal antisera to
human plasma Zn-<*2-glycoprotein was also capable of neutralization of

the bioactivity of human LMF in vitro. Using competitive PCR to quantify
expression of Zn-a2-glycoprotein, we found that only those tumors that

were capable of producing a decrease in carcass lipid expressed mRNA for
Zn-Â«2-glycoprotein. These results provide strong evidence to suggest that
tumor production of Zn-a2-glycoprotein is responsible for the lipid ca-

tabolism seen in cancer patients.

INTRODUCTION

A decrease in carcass lipid is common in many cancer patients and
appears to arise from an increase in lipid mobilization (1). Cancer
patients with weight loss have an increased turnover of both glycerol
and NEFAs2 when compared with normal subjects or cancer patients

without weight loss (2). Such an effect has often been observed before
weight loss is apparent, although food intake is normal in early disease
(3). This suggests that tumors or host tissues produce regulatory
molecules that are involved in fat catabolism. Among the factors that
are generally considered to be involved in this process are cytokines
such as tumor necrosis factor-a and interleukin 6, which modify fat

stores indirectly as a result of the inhibition of the clearing enzyme
LPL (4, 5). However, in a study by Thompson et al. (6), the total LPL
enzyme activity in adipose tissues and the relative levels of mRNA for
LPL and fatty acid synthase were not found to be significantly
different between cancer patients and controls. There was, however, a
2-fold elevation in serum triacylglycerol and NEFA levels and a
2-fold increase in the relative levels of mRNA for hormone-sensitive

lipase in the adipose tissue of the cancer patients.
This result suggests that in cancer patients direct mobilization of

NEFA by a LMF may be more important than cytokines in causing fat
depletion. Cancer patients with weight loss have been shown to have
an elevated level of a LMF, which appears to parallel the weight loss
(7). This material acts directly on adipose tissue in a manner similar
to the lipolytic hormones. Production of the LMF appeared to be
specific for weight-losing cancer patients because elevated levels
were not observed in patients with weight loss due to Alzheimer's

disease (7). In addition, production appeared to be related to the tumor
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mass because serum LMF levels were found to be reduced in cancer
patients responding to chemotherapy (8).

Previous studies have attempted to purify a LMF from a cachexia-

inducing murine tumor (MAC 16) and from the urine of cachectic
cancer patients using a combination of ion exchange, exclusion, and
hydrophobic chromatographies (9). During the purification process, it
was observed that a material of Mr 24,000 copurified with the bioac
tivity. The material was related to the development of cachexia
because it was reactive toward the sera of mice transplanted with the
MAC 16 tumor but not with a related tumor (MAC 13), which does not
induce cachexia. The material of Mr 24,000 was subsequently purified
to homogeneity and was shown to produce a a cachectic state in
non-tumor-bearing mice by inducing catabolism of skeletal muscle

proteins (10). A monoclonal antibody to the Mr 24,000 material was
capable of neutralizing protein degradation in isolated gastrocnemius
muscle, but it did not neutralize lipid mobilization in vitro, suggesting
that the two biological activities arose from different substances (11).
This study reports on the isolation and characterization of a LMF from
the urine of cachectic cancer patients, with properties distinct from the
PIF of Mr 24,000.

MATERIALS AND METHODS

Mono Q HR 5/5. SuperÃ³se I2H 10/30, and Resource-Iso columns and the
vector PIICI 8/SmaI/BAP were purchased from Pharmacia Biotech (St. Al-
bans. United Kingdom). The Aquapore AX-300 column was supplied by

Applied Biosystems (Foster City, CA). Rainbow protein molecular weight
markers, the ECL Western blotting system, and Hyperfilm-ECL autoradiog-

raphy film were from Amersham International (Amersham, United Kingdom).
The digoxigenin glycan detection kit was purchased from Boehringer Mann
heim GmbH (Mannheim. Germany), protein A peroxidase conjugate was
purchased from Sigma Chemical Co. (Dorset, United Kingdom), nitrocellulose
membranes were from Hoefer Scientific Instruments (San Francisco, CA). and
Amicon filter YM10 was from Amicon Ltd. (Stonehouse. Gloucestershire.
United Kingdom). The Mini-Message Maker and Spot-on kits were purchased

from R and D Systems (Abingdon, United Kingdom), and Superscript TH11
RT was from Life Technologies. Inc. (Paisley, United Kingdom). All oligo-

nucleotides were synthesized by Oswell (Southampton. United Kingdom).
All PCR components were purchased from Advanced Biotechnologies Ltd.

(Surrey, United Kingdom). The Omnigene Thermal Cycling System was
purchased from Hybaid Ltd. (Middlesex. United Kingdom). Sea Plaque GTG
agarose was from Flowgen Instruments Ltd. (Kent, United Kingdom), and
NA45 DEAE membranes were from Schleicher and Schuell (Dassel.
Germany).

Animals. In-bred NMRI mice were obtained from our own colony and

transplanted with fragments of the M AC 16 tumor into the flank, by means of
a trocar, as descibed ( 12). The solid tumors were excised from mice when the
weight loss reached 25%.

Subjects. Urine was collected from patients with unresectable pancreatic
cancer with established weight loss ranging between 1.3 and 10 kg/month.
Patients were not receiving therapy at the time of urine collection. Samples of
urine were stored frozen at â€”¿�20Â°Cin the absence of preservatives prior to the

purification.
Purification of LMF from the MAC 16 Tumor. The procedure for the

initial purification of the MA 16 tumor involved batch extraction on DEAE-

cellulose, followed by aniÃ³nexchange chromatography on a Mono Q column
and size exclusion chromatography on a SuperÃ³se 12 column (Table I), and
has been described previously (9). However, instead of using hydrophobic (Câ€ž)
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PURIFICATION OF A LIPID-MOBILIZINO FACTOR

Table 1 Purification of IMF from MACÃŒfiIunior

Purification
stageTumor

homogenate
Batch extraction onDEAE-celluloseQ-Sepharose

Superdex
HPLC"DEAE-celluloseResource-lsoTotal

protein
(mg)500

1021.5

0.610.120.02Recovery

Total activity
(%) (fimol/105adipocytes)100

20.40.3

0.10.020.00427

1.211.171.121.021Recovery10097

938483Specific

activity (Â£imol/10~

adipocytes/mgprotein)0.054

0.01190.78

1.848.550Purification

(fold)1651547144201

" HPLC, high-performance liquid chromatography.

chromatography. the active fractions from the SuperÃ³se column were further
fractionated by a DEAE-cellulose column, coupled to an HPLC system using
a gradient from 0 to 0.3 M NaCl. Lipid-mobilizing activity was determined by

the enzymatic determination of glycerol release (13), when samples were
incubated with 105-2 X IO5 freshly isolated epididymal adipocytes for 2 h at
37Â°C,as described previously (12). Control samples contained adipocytes

alone to determine the spontaneous glycerol release, which was subtracted
from the values obtained with the column fractions. The activity of the LMF
was expressed as /Â¿molglycerol released/105 adipocytes/2 h. Prior to assay,

salt was removed from the fractions from the DEAE-cellulose column by

ultrafiltration through an Amicon filtration cell containing a membrane filter
with a cutoff of Mr 10,000 against deionized water containing 0.5 mM phen-

ylmethylsulfonyl fluoride. 0.5 mM EGTA, and 1 mM DTT. The active fractions
were concentrated using a Microcon microconcentrator against 50 mM phos
phate (pH 7.0) containing 1.5 M (NH4)2SO4 and subjected to hydrophobic
interaction chromatography using a Resource-lso column. The bioactivity of

the eluted fractions was determined after removal of the salt by ultrafiltration.
Purification of LMF from the Urine of Cancer Patients. Urine was

fractionated by a scheme similar to that used for the MAC 16 tumor, although
fewer steps were required to get a pure product (Table 2). Urine was subjected
to precipitation with 80% (NH4)2SO4. and the precipitate was dialyzed against
10 mM Tris-HCI (pH 8.0) containing 0.5 mM phenylmethylsulfonyl fluoride,

0.5 mM EGTA, and 10 mM DTT using an Amicon filtration cell containing a
membrane filter with a cutoff of M, 10,000. The concentrate was fractionated
using aniÃ³n exchange chromatography (Q-Sepharose and DEAE-cellulose)
and hydrophobic interaction chromatrography (Resource-lso; Table 2). The

bioactivity was determined by glycerol release from mouse epididymal adipo
cytes as for the material from the MAC 16 tumor.

Purification of 7n-a,-Glvcoprotein. Zn-a2-glycoprotein was purified
~670-fold from fresh human plasma using a combination of DEAE-Sephadex

A-50, DEAE-Sephacel. Zn-chelate Sepharose 6B. phenyl-Sepharose,

Sephacryl S-300, and HA-Ultrogel column chromatography, as described

previously (14).
Gel Electrophoresis. Gels were prepared according to the method of

Laemmli (15) and consisted of a 5% stacking gel and a 15% resolving gel
(reducing conditions) or a 10% resolving gel (nonreducing conditions). Sam
ples were loaded at 1-5 fig/lane. Bands were visualized by staining, either with
Coomassie Brillant Blue R-250 or with silver. Samples were prepared for
reducing conditions by heating for 5 min at IOOÂ°Cin 0.0625 M Tris-HCI (pH

6.8), 10% glycerol, 1% SDS, 0.01% bromphenol blue, and 5% 2-mercapto-

ethanol. For immunoblotting. the gels were transferred to nitrocellulose mem
branes that had been blocked with 5% Marvel in 0.15% Tween 20 in PBS at
4Â°Covernight. The membranes were washed once for 15 min and twice for 5

min in 0.5% Tween 20 in PBS at room temperature. Immunodetection used
polyclonal antiserum for Zn-os-glycoprotein (10 Â¿Â¿g/ml)prepared as described
(14) in 1.5% Marvel-0.15% Tween 20 in PBS for l h at room temperature.

After being washed three times as above, the filters were incubated for l h with

protein A peroxidase conjugate at a 1:500 dilution, followed by one 15-min
wash and four 5-min washes with 0.5% Tween 20 in PBS. The ECL detection

system was used, and the blots were suspended in equal volumes of detection
reagents 1 and 2 using 0.125 ml/cm2 for 1 min at room temperature and then

wrapped in SarÃ¡n Wrap. The blots were exposed to autoradiography film
(Hyperfilm-ECL) for 30 s-10 min, depending on the amount of target protein.

Analysis of Zn-a2-Glycoprotein Gene Expression. The expression of
Zn-a2-glycoprotein in various murine tumors was quantitated by competitive

PCR. Thus, target cDNA and a known molar quantity of internal control
standard DNA, distinguishable by the presence of a restriction enzyme site
introduced into the central region of the latter by PCR mutagenesis, were
coamplified by PCR using oligonucleotides based on the published murine
Zn-a2-glycoprotein cDNA sequence (16) and murine cytoplasmic /3-actin

cDNA sequence (17). All oligonucleotides were matched for GC content. The
sense oligonucleotide for Zn-a2-glycoprotein from residue 45 was AGT CTT

TCA GGA GAC TOG and the antisense from residue 483 was TAG CTT GGT
TOC AGC. The corresponding lengths (in bp) of the PCR products were 439
for the cDNA, 439 for the control fragment, and 221 + 218 for the control
fragment after restriction enzyme digestion. For ÃŸ-actin.the sense primer from

residue 98 was AGA OCA AGA GAG GTA TCC and the antisense primer
from residue 653 was TCT TTG ATG TCA CGC ACG. The corresponding
lengths of the PCR products (in bp) were 466 for the cDNA, 466 for the control
fragment, and 233 + 233 after restriction enzyme digestion. mRNA was
purified from 100 mg of tissue or IO7 cells by the Mini-Message Maker kit.

cDNA was synthesized from 500 ng of mRNA by priming with oligo(dT),2_18
and by using Superscript TH11RT. according to the manufacturer's instruc

tions.
Control fragments were constructed by the introduction of a restriction site

as close to the center of the amplicon as possible by PCR mutagenesis. Mouse
liver total cDNA was used as a template for the construction of both Zn-a^-
glycoprotein and ÃŸ-actincontrol fragments. In the first step of the construction,

sense primers were used with antisense oligonucleotides into which a restric
tion site had been introduced by base modification. The antisense oligonucleo
tides used in the construction of mutated control fragments for competitive
PCR (modified bases are underlined) were AGA TCT CCT G CGC CCT CTG
AAG for Zn-a2-glycoprotein and AGG GAC AGC ACA CCA TGG ATG
GCT ACG for ÃŸ-actin.The corresponding restriction enzyme sites introduced

were for Smal and Ncol.
PCR mixes were assembled as 50-/Â¿1(final) volumes containing 5 ng of

murine liver cDNA; 40 pmol of sense and antisense primers; 5 fil of 10X
reaction buffer IV [200 mM(NH4)2SO4, 750 mM Tris-HCI (pH 9), 0.1% (w/v)

Tween 80, and 15 mM MgCl,]; 1.5 mM MgCl,; 200 /J.Meach dATP, dCTP,
dGTP, and dTTP; and 0.25 units of Taq polymerase. Amplification was
achieved by the use of a Omnigene Thermal Cycling System, involving a
preliminary denaturation step at 94Â°C,followed by 30 cycles of 94Â°Cfor 1
min, 52Â°Cfor 1 min, and 72Â°Cfor 1 min, and a final 2-min extension step at
72Â°C.PCR products were analyzed by 2% agarose gel electrophoresis with

Table 2 Purification of MF from cancer patient urine

Purification
stage80%

(NH4)2SO4 precipitation
Q-Sepharose
HPLC"DEAE-cellulose

Resource-lsoTotalprotein

(mg)210

0.20.036

0.007Recovery

Total activity
(%) (fimol/105adipocytes)100

0.10.017

0.00378.4

1.191.151.15Recovery

Specific activity Purification
(%) (fiinol/105 adipocytes/mg protein)(fold)10097970.37

5.9531.9164.315.4

27.6
" HPLC, high-performance liquid chromatography
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PURIFICATION OF A LIPID-MOBILIZING FACTOR

visualization by ethidium bromide staining. Products of 230 bp (Zn-a2-glyco-
protein) and 250 bp (ÃŸ-actin) were electrophoresed from Sea Plaque GTG

agarose onto NA45 DEAE membranes and eluted according to the manufac
turer's instructions. Eluted fragments were further purified by phenol-chloro

form extraction and ethanol precipitation (18). One-tenth of the amount re

covered was used with 20 pmol of antisense oligonucleotides and murine liver
cDNA for the amplification of products 439 bp (Zn-os-glycoprotein) and 466
bp (ÃŸ-actin)by PCR, as described. These products were blunt-end cloned into

pUC18/SmaI/BAP and then recovered following restriction enzyme digest
with /VI and Sstl and Sea Plaque agarose gel elution, as described.

Control fragments were quantified for competitive PCR by spectrophoto-

metric measurement at 260 nm. ethidium bromide staining, and the use of a
Spot-on kit. For quantitation of Zn-os-glycoprotein in target cDNA. tubes

containing 12.5 ng of target cDNA. one dilution of control standard DNA
(0.01, 0.025, 0.05, 0.075, 0.1, 0.25, 0.5, or 1.0 pg), 20 pmol of sense and
antisense primers, and PCR components were prepared as described, in a final
volume of 50 jj.1. For /3-actin analysis, tubes contained target cDNA. one

dilution of control standard DNA as above, 20 pmol of sense and antisense
primers, and PCR components as described. Controls included PCR in the
absence of template and in the absence of internal standard DNA. Cycling
conditions were as described.

Following amplification, reaction mixes were incubated with Smal (Zn-a2-
glycoprotein analysis) or Ncol (/3-actin analysis), products were separated by

2% agarose gel electrophoresis and visualized by ethidium bromide staining,
and band densities were compared by densitometry (UV products).

RESULTS

The characteristics of the cancer patients from which LMF was
isolated are shown in Table 3. Patients with weight loss generally
showed LMF in the urine, whereas it was absent from the urine of
patients without weight loss or normal subjects. The procedures for
the purification of LMF (determined by the ability to stimulate lipol-

ysis in isolated murine epididymal adipocytes) from both the solid
MAC 16 tumor and human urine are shown in Tables 1 and 2,
respectively. This involved ion exchange, exclusion, and hydrophobic
interaction chromatographies on Resource-Iso. The starting point in

the purification process was regarded as biologically active material
that adhered to an aniÃ³n exchange resin. Previous studies (19) have
shown cachectic cancer patients to have LMF that adheres to an aniÃ³n
exchange resin, which is not found in normal subjects. This bioactiv-
ity is regarded as the tumor-specific LMF. Because natural hormones

that stimulate lipolysis are all positively charged at physiological pH,
this step removes unwanted materials that may stimulate glycerol
release from adipocytes. The overall purification of the LMF from the
MAC 16 tumor by this scheme (4200-fold; Table 1) was similar to that
previously reported (3565-fold; Ref. 9). However, the biological ac
tivity isolated using the Resource-Iso column was much more stable
than that previously obtained using a C8 column and an acetonitrile-

trifluoracetic acid gradient. Because human urine contains fewer
proteins than the mouse tumor, the human LMF could be purified to
a higher specific activity than the mouse material with a shorter
purification procedure (Table 2). Introduction of a second DEAE
cellulose column prior to the hydrophobic chromatography greatly
increased the extent of purification (Tables 1 and 2). Both human and
mouse LMF showed a single band of Mr 43,000 on 15% SDS-PAGE

after the purification (Fig. IA). Sequence analysis of the protein
revealed a blocked NH-, terminus. However, treatment with 0.2 MHC1
or pyroglutamate aminopeptidase gave a low yield of peptide (â€”5%).

This peptide and those obtained by cleavage with chymotrypsin
showed homology with human plasma Zn-a2-glycoprotein in residues
2-6, 55-79, and 146-167 (18). Purified human and mouse LMF also
comigrated with Zn-a2-glycoprotein when electrophoresed on 15%
SDS-PAGE (Fig. \A) and had the same molecular weight (Mr 84,000)

on 10% nondenaturing PAGE (Fig. IÃŸ).Both human and mouse

Table 3 Relaliontfiip belH-een weight los\ tinti tippearaitce of LMF in Hrin

Patientno.12

345678910

1112

1314

1516DiagnosisPancreatic

cancerChorangiocarcinoma

GastriccancerGastric
cancerPancreatic
cancerPancreatic
cancerPancreatic
cancerOvarian
cancerRectal
cancerPeriampullary

cancer (recurrence)
ColorÃ©ela!cancerHepatoma

PancreaticcancerPeriampullary
cancer

PancreaticcancerNormalWeight

loss
(kg/month)LMF1.6

+4.2
+

3.0+2.204.6

+1.5
+4.3
+0.7
+0.3

+
0.51.4

+
4.0+0.8

1.3+0

materials stained heavily for carbohydrate, as did authentic human
Zn-os-glycoprotein. A polyclonal antibody raised against human
plasma Zn-os-glycoprotein was capable of detection of human LMF
on immunoblots (Fig. 2A) and of neutralization of in vitro lipid-

mobilizing activity of the human but not the the mouse material
(Table 4). Mouse Zn-os-glycoprotein has been shown to exhibit only

58.6% identity in amino acid sequence with the human counterpart
(20). Of the total activity in the 80% INH412SO4 precipitate of human
urine (Table 2), only 3% was neutralized by the antibody to Zn-a2-

glycoprotein, confirming that the majority of the LMF activity is due
to other proteins that do not bind to the aniÃ³nexchange resin.

Both human plasma Zn-os-glycoprotein and LMF showed the same

chymotryptic cleavage fragments, and chymotrypsin destroyed the in
vitro biological activity of the LMF. Neither human plasma Zn-a2-

glycoprotein nor the human LMF contained the Mr 24,000 PIF (9),
which was previously reported to copurify with the LMF (Fig. 2B).

The expression of Zn-a2-glycoprotein in various murine tumors

and liver was quantitated by competitive PCR (Table 5 and Fig. 3).
Liver is known to express Zn-os-glycoprotein (16), and it was used as

a control for the tumors. Of the MAC tumors evaluated (Table 5), only
the cachexia-inducing MAC 16 expressed Zn-os-glycoprotein (Fig. 3).
The level of expression of Zn-a2-glycoprotein to actin was about
10-fold less than that found in liver (Table 5). Of the other tumors

evaluated the murine reticulum cell sarcoma (M5), which does not
produce cachexia, also did not express Zn-a2-glycoprotein (Table 5).
However, the B16 melanoma expressed Zn-os-glycoprotein at a level
of -20% of that found in the MAC 16 tumor (Table 5). Because this

tumor does not produce profound cachexia, mice were evaluated for
body composition changes, which may provide evidence for an en
hanced lipid mobilization, 8 days after tumor transplantations. There
was no difference in overall body weight between control mice and
those bearing the B16 melanoma (21.8 Â±0.7 g and 21.3 Â±0.3 g,
respectively) or in food (4.6 Â±0.5 and 5.2 Â±0.5 g/day, respectively)
or water (5.7 Â±0.3 and 5.2 Â±0.4 ml/day, respectively) consumption
during the course of the experiment. However, the carcass lipid
content was significantly reduced in mice bearing the B16 melanoma
(Table 6) without a change in nonfat dry weight (representing protein
and bone) or water content. This result suggests that reduction in total
body lipids can occur without the appearance of "classical" cachexia.

DISCUSSION

A number of studies have reported the existence of a LMF associ
ated with murine and human tumors. The first report indicated that
nonviable preparations of Krebs-2 carcinoma were able to induce fat

depletion in vivo in a manner similar to that of viable preparations.
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PURIFICATION OF A LIPID-MOBILIZINO FACTOR

3. 4 . â€ž¿�5

69

Fig. 1. A, 15% SDS-PAGE of human and mouse LMF. Lane I, molecular weight
markers; Lane 2, human plasma Zn-a2-glycoprotein; Lanes 3 and 4. human LMF; Lane

5. mouse LMF. Detection was by Coomassie staining. B. 10% nondenaturating PAGE.
Lane I. molecular weigh! markers; Lane 2. human plasma Zn-a2-glycoprotein; Lane 3,

human LMF. Detection was by Coomassie staining.

indicating that tumor metabolism alone was not responsible for the
wasting of adipose tissue (21). A LMF was shown to be produced by
Ehrlich ascites carcinoma (22), a thymic lymphoma (23), sarcoma 180
(24), and the MAC 16 colon adenocarcinoma (12). A LMF has also
been shown to be produced by the human A375 melanoma line (25).
It is also present in the ascites fluid of patients with hepatoma (26), in
the sera and ascites fluid of patients with ovarian cancer (27), and in
the sera and urine of a group of cachectic cancer patients with diverse
tumor types (7, 19). In the latter case (7), a linear relationship was
observed between the serum and urinary LMF and weight loss in
cancer patients, if the total body weight loss did not exceed 20%. A
material similar to tumor LMF, called fat-mobilizing substance has

been isolated from the urine of humans following carbohydrate dep
rivation (28). The in vivo activity of this material was associated with
a loss of body weight, which was accounted for by a loss of carcass
fat and which occurred without a reduction in food intake (28).
Similar in vivo effects were observed with the LMF isolated from
human A375 melanoma cells (25). Although the apparent molecular
weight of this material (MT6000) was lower than that of the material
reported in the present study; this may have been due to proteolytic
cleavage because other workers have shown that tryptic fragments of
LMF still retain biological activity (24). Although the nature of either
LMF or fat-mobilizing substance have not been reported previously,

they have been shown to have an overall negative charge, a feature
shared with the plasma protein Zn-a2-glycoprotein (29). This study

shows that the molecular weight, presence of carbohydrate, amino

acid sequence, antigenicity, and expression of biological activity of
Zn-a2-glycoprotein mirror that of LMF. Like LMF. human plasma
Zn-a2-glycoprotein has a pyroglutamate residue at the NH2 terminus
(18). Human seminal plasma Zn-a2-glycoprotein contains no carbo

hydrates, and its NH2 terminus is not blocked (29) and did not display
in vitro stimulation of lipolysis (data not shown). Previous studies (9)
have suggested that carbohydrate residues on LMF may be required
for biological activity. We have also found that sodium periodate
causes a complete loss of biological activity. Both human plasma
Zn-a2-glycoprotein and LMF, when stored at 4Â°C,exhibited in vi'fro

lipid-mobilizing activity, whereas freezing completely destroyed bio-

â€¢¿�

A kDa 1

200 -

97 -

69 -

46 -

30 -

21 -

B kDa 1234

200 -

97 -

69 -

46 -

30 -

21 r-

14 -

Fig. 2. A, Western blots after 15% SDS-PAGE using a polyclonal antibody to
Zn-a2-glycoprotein. Lane 1, human plasma Zn-a2-glycoprotein; Lane 2, human LMF. B,
Western blot using monoclonal antibody to PIF (M, 24.000; Refs. 10 and 11). Lanes 1 and
2, 5 fig of protein obtained from a precipitation of the urine of cachectic cancer patients
with 80% (NH4)2SO4; Lane 3, authentic human plasma Zn-an-glycoprotein: Lane 4,

human LMF.

Table 4 Effect of a polyclonal anlibody lo human Zn-a2-f>lycoprotein on hitnuin and
mouse lipid-mitbilizing activity"

AdditionHuman

LMF
Human LMF + pAb"

Mouse LMF
Mouse LMF + pAbActivity

i;nm>l glycerol/10'

adipocytes/2h)0.0062

Â±0.0002
0.0013 Â±0.0012
0.0977 Â±0.02
0.1082 Â±0.015P

(from factoralone)0.03

NS
" LMF (5 (ig of human or 10 /ig of mouse LMF in PBSl was incubated overnight with

agitation at 4Â°Cwith a polyclonal antibody to human plasma Zn-a->-glycoprotein ( 10 Â¿tg
in PBS), and the lipid-mobilizing activity was determined as described in "Materials and
Methods." Results are expressed as mean Â± SE for three determinations, and the

experiment was repeated three times. Differences from values in the absence of the
polyclonal antibody were determined by Student's t test.

" pAb. polyclonal antibody; NS. not significant.
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PURIFICATION OF A LIPID-MOBILIZING FACTOR

Table 5 Expression of Zn-a^-glycoprotein and aclin in liver and various mouse tumors quantitated by competitive PCR

TissuesourceLiverMAC16T(solid)B16MAC13T(solid)M5M

AC15M

AC 16cellsM

AC 13 cellsPg0.440.520.240.2410.1360.2040.3040.4160.2210.1080.6000.2200.2140.2350.2040.1360.170.1490.1500.150.2170.221Actinmol1.43

X1.691
X0.78

X0.783
X0.44
X0.66
X0.99

X1.35
X0.72

X0.3511

X1.95
X0.72

X0.696
x0.764
X0.663
X0.442
X0.553
X0.484
X0.486
X0.488
X0.705
X0.718

X(/t)/ng

cDNANo.

ofmolecules10"10"10"10"10"10"10"10"10"10"10"10"10"1010"10"10"10"10"10"10"10"IK1818181818181818181818181818181818181818180.86

X1.02
x0.47

x0.472
X0.265

X0.4
X0.6

X0.813
X0.434
x0.211

X1.2
X0.434

X0.42
X0.46

X0.4
X0.266
X0.333
X0.292

X0.3
X0.3

X0.425
X0.433

XIO6IO6IO6IO6IO6IO6IO6IO6IO610*IO6IO610*IO6IO6IO610*IO6IO6IO6IO6IO6pg1.22.130.0360.0420.02560.0200.00920.00520.00680000000.020.01460.00640.012000Zn-(*2-glycoprotein

(Z)/tmol4.14

XIO'187.34
XIO"181.24
X 10"1!1.45
XIO"198.83
X10~2(6.9
XIO"203.2

X10~201.8
XIO"202.34
XIO"200I)00000.69

X 10"l!0.503
X 10"l!0.221
X 10"l!0.414
XIO"19000ig

cDNANo.

ofmolecules2.5

X4.4
x0.075
X0.087

X0.0532
X0.0412
X0.0193

X0.0108
X0.0141

X0IIOII000.416

X0.0303
X0.0133

X0.025
X000io6IO6IO6IO6IO6IO6IO6IO6IO6IO6IO6IO6IO6Z/A2.914.310.1600.1840.200.1030.0320.01330.03250.1560.0910.0460.075

logical activity. This may be due to disruption of the secondary
structure of Zn-a,-glycoprotein, which has two disulfide bridges in

the polypeptide chain (18).
Both human and mouse LMF showed identical electrophoretic

mobility to human plasma Zn-a2-glycoprotein. However, polyclonal
antiserum to human plasma Zn-a2-glycoprotein, although it did neu

tralize lipid mobilization induced by the human factor, was ineffective
with the mouse material. This might be expected because mouse
Zn-a,-glycoprotein has been shown to exhibit only 58.6% identity in

amino acid sequence with the human counterpart (20). These results
suggest that the biological activity resides in Zn-a2-glycoprotein or

some other material that copurifies or is bound. The possibility of
copurification seems unlikely because Zn-os-glycoprotein was iso

lated from human plasma (14) by a totally different purification
scheme from that reported here for the isolation of LMF. In addition,
mass spectrometry has failed to detect low molecular weight stimu
lators of lipolysis, like the catecholamines, bound to LMF isolated
from human urine.

- 439bp

â€”¿�221bp+218bp

â€”¿�439bp

â€”¿�221bp+218bp

Fig. 3. A. Lanes 1-9, actin control fragment (0.5, 0.25, 0.1, 0.075, 0.05, 0.025, 0.01. 0.0075. and 0.005 pg. respectively) coamplified wilh 0.25 ng of MAC16 cDNA to produce
a 466-bp product, followed by restriction enzyme digest with Ncol. Final products were resolved on a 2% agarose gel. Lanes adjacent to those numbered represent PCR product prior
to restriction enzyme digest. B. Lanes 1-9, Zn-a,-glycoprotein control fragment (1.0. 0.75. 0.5, 0.25. 0.1. 0.075, 0.05. 0.025, and 0.01 pg, respectively) coamplified with 2.5 ng of
MAC16 cDNA to produce a 439-bp product, followed by restriction enzyme digest with Smal. Final products were resolved on a 2% agarose gel. Lanes adjacent to those numbered
represent PCR product prior to restriction enzyme digest. C, Lanes 1-9. actin control fragment (0.5. 0.25, O.I. 0.075. 0.05, 0.025, 0.01. 0.0075. and 0.005 pg, respectively) coamplified
with 0.25 ng of MAC 13 cDNA to produce a 466-bp product, followed by restriction enzyme digest with Ncnl. Final products were resolved on a 2% agarose gel. Lanes adjacent to
those numbered represent PCR product prior to restriction enzyme digest. D. Lanes 1-9, Zn-o,-glycoprotein control fragment (1.0. 0.75. 0.5. 0.25. 0.1, 0.075, 0.05, 0.025, and 0.01
pg, respectively) coamplified with 25 ng of MAC 13 cDNA to produce a 439-bp product, followed by restriction enzyme digest with Sma\. Final products were resolved on a 2% agarose
gel. Lanes adjacent to those numbered represent PCR product prior to restriction enzyme digest.
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PURIFICATION OF A [.[FID-MOBILIZING FACTOR

Table fi Hod\ composilion of ('intinti mice tinti mice hearing tin1 H16 meittnunui # days
after lumiir Imnxpliinliilion"

GroupBody

composition(g)Water

FatNonfatControlll.9Â±
0.9

2.95 Â±0.34
9.5 Â±0.6BI6melanoma11.9

Â±0.8
2.02 Â±0.27

8.5 Â±0.9PNS*
0.03
NS

" Body composition analysis was performed as described (121. Values are expressed as

mean Â± SE for five animals per group. Differences from the control group were
determined by Student's l test.

* NS. not significant.

Although Zn-a2-glycoprotein has previously been reported to be

present in blood plasma and in various secretions such as saliva,
sweat, and seminal plasma (16), this is the first report of its occurrence
at high levels in human urine. We have been unable to detect signif
icant amounts of Zn-os-glycoprotein in the urine of normal subjects or

in cancer patients without weight loss. In addition, experimental
tumors producing a depletion of carcass lipids (MAC 16 and B16)
show expression of Zn-a-,-glycoprotein mRNA, as determined by
competitive PCR analysis. This suggests an overproduction of Zn-os-

glycoprotein by certain tumors. Previous studies have shown an
enhanced expression of the Zn-a2-glycoprotein gene in benign breast

lesions and in some breast carcinomas (30). However, patients with
such tumors only display cachexia to the extent of â€”¿�30%(31).

Because Zn-a2-glycoprotein only influences lipid metabolism, an

elevated production may not be accompanied by profound wasting of
skeletal muscle, as seen in cancer cachexia, which involves increased
expression of a PIF (10, 11). Thus, a study of ovarian cancer patients
(27) demonstrated the presence of LMF in sera and ascites fluid,
together with indices of altered systemic lipid metabolism, despite the
absence of a classical cachectic phenotype.

Thus, cachexia would appear to result from the action of not only
a LMF but also a PIF. which acts specifically on lean body mass,
increasing protein degradation and decreasing protein synthesis (10.
11). This study provides evidence that these two materials are distinct,
although both are glycosylated. The PIF appears to be a sulfated
glycoprotein (32), and antibodies to this material were previously
shown to immunoprecipitate LMF (11). probably because the anti-

genie determinant is the saccharide chain. The similarity in physical
properties may have led to the copurification of LMF and PIF in a
previous study (9). Alternatively, the two materials may exist in
nature as a complex.

This study provides strong evidence that the LMF is identical to the
plasma protein Zn-a2-glycoprotein. Although the biological function

of the latter is not known, it is closely related to antigens of the major
histocompatibility complex in amino acid sequence and in domain
structure (30). In addition, it has been suggested as a novel adhesion
protein (33). Mobilization of stored lipids may be yet another function
of this plasma protein.
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