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Adipose tissue is the principal source of leptin, a
cytokine-like peptide with many biologic functions.
Leptin binds to the leptin receptor, present in the
hypothalamus and in many other tissues, and mod-
ulates energy balance and maintenance of body
weight. The expression of leptin and leptin receptor
in tumors of adipocytic differentiation has not been
previously examined. Because normal adipose tis-
sue is the principal source of leptin and expresses
leptin receptor, we hypothesized that tumors of ad-
ipose tissue differentiation may also express leptin
and/or the long functional form of the leptin recep-
tor (OB-Rb).

Leptin and OB-Rb were analyzed by immunohisto-
chemistry, in situ hybridization, RT-PCR, and western
blotting in 21 lipomas, 2 hibernomas, and 16 liposar-
comas. Immunostaining and in situ hybridization
showed leptin and OB-Rb mRNA expression in all
cases of lipomas, hibernomas, and liposarcomas, in-
cluding dedifferentiated and pleomorphic liposarco-
mas. RT-PCR analysis showed leptin and OB-Rb
mRNA in both lipomas (n 5 5) and liposarcomas (n 5
5). Western blotting identified the 16 kDa leptin pro-
tein in a lipoma and a liposarcoma. No important
difference in the expression of leptin and OB-Rb
mRNA was found between lipomas and liposarcomas,
although the level of leptin protein was higher in a
lipoma than a liposarcoma by western blotting.

These results show for the first time that leptin
and OB-Rb mRNA are expressed in lipomas, hiber-
nomas, and liposarcomas. The presence of leptin
and its receptor may provide new insights into the
pathobiology of these tumors.
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Adipose tissue is the main source of leptin, the
product of the ob gene (1) located on human chro-
mosome 7 (2, 3). Multiple biologic roles have been
attributed to leptin, which include maintenance of
body weight, food intake, body temperature, devel-
opment of the reproductive system, bone remodel-
ing, angiogenesis, immunomodulation, and a vari-
ety of endocrine functions (4 –11). Leptin binds to
the leptin receptor (OB-R), the product of the db
gene (12) located on human chromosome 1 (13).
Five different isoforms of this receptor were identi-
fied (12, 14) and they are present in a variety of
human tissues, with higher expression in the hypo-
thalamus, heart, liver, small bowel, prostate, and
ovary (12–14). The long functional form of the
OB-R, OB-Rb, is expressed mainly in the hypothal-
amus (10, 11, 14 –16) and the leptin binding to this
receptor inhibits food intake and stimulates energy
expenditure through modulatory effects on the ac-
tivity of many neurotransmitters and neuropep-
tides (5).

The presence of leptin and OB-Rb has been
shown in normal white and brown tissue (17–23).
However, leptin and OB-Rb have not been exam-
ined in neoplasms with white and brown adipose
tissue differentiation, such as lipomas, hibernomas,
and liposarcomas.

We examined leptin and OB-Rb mRNA expres-
sion in neoplasms of adipocytic differentiation to
gain new insights into the understanding of the
pathobiology of these tumors.

MATERIALS AND METHODS

Clinicopathologic Data
Twenty-one lipomas, two hibernomas, and 16

liposarcomas cases were retrieved from the Mayo
Clinic Tissue Registry and reviewed histologically
for diagnostic confirmation. An average of five
hematoxylin-eosin slides were available for each
case (range, 1 to 18). Clinicopathologic data were
studied in all cases and are summarized in Table 1.
History of obesity and hyperlipidemia were also
reviewed. The characterization of obesity and hy-
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perlipidemia were made according to established
criteria (24, 25).

The 21 lipomas were classified as ordinary type (n 5
10), angiolipoma (n 5 5), spindle cell (n 5 5), and ple-
omorphic (n 5 1). The 16 liposarcomas were classified
as well-differentiated (n 5 7), well-differentiated with
areas of dedifferentiation (n 5 3), myxoid/round cell (n
5 5), and pleomorphic (n 5 1). Two cases of hibernoma
were also examined.

Immunohistochemistry
Paraffin-embedded, formalin-fixed, archival tis-

sues (5 mm-thick slides) from all tumors were ana-
lyzed for leptin expression with a monoclonal anti-
body from Sigma Chemical Co. (St Louis, MO) at a
dilution of 1:250 using the avidin-biotin-peroxidase
method (26). Antigen retrieval was done with mi-
crowave treatment for 5 minutes in 0.1 mol/L ci-
trate buffer, pH 6.0. Five samples each from normal
subcutaneous and retroperitoneal adipose tissue

and normal anterior pituitary gland tissue were
used as positive controls for the immunohisto-
chemical analysis. Staining intensity was graded as
0 (none), 11 (mild), 21 (moderate), 13 (intense),
and considered focal when less than 25% of the
cells were stained.

Western Blot Analysis
Western blot analysis was performed as previ-

ously reported method (27) using proteins ex-
tracted from frozen tissue from a lipoma and a
liposarcoma. One-dimensional sodium dodecyl
sulfate-polyacrylamide gel electrophoresis was per-
formed with a ready-to-use 10 to 20% gradient gel
using the discontinuous buffer system of Laemmli
(Bio-Rad Laboratories, Richmond, CA). The electro-
phoresed proteins were transferred to a polyvinyl-
lidene difluoride membrane and subjected to im-
munoblot analysis with monoclonal antibodies to
leptin as previously reported (27). Densitometric

TABLE 1. Clinicopathologic Features and Leptin and Leptin Receptor Expression in Adipose Tissue Tumors

Case Age Sex Diagnosis Location Obesity Hyperlipidemia
Size
(cm)

Leptin
Expression

(IH/ISH)

Leptin Receptor
Expression

(ISH)

1 45 F Lipoma Flank Y Y 9 f1/d11 d111
2 68 M Lipoma Back n/a n/a n/a 0/d1 d111
3 73 M Lipoma Shoulder Y Y 4.5 f1/f111 d111
4 32 F Lipoma Vulva n/a n/a 5 f1/d11 d111
5 36 M Lipoma Flank N n/a 3 f1/d111 d111
6 66 F Lipoma Chest N N 11 f1/d11 d111
7 39 F Lipoma Shoulder n/a n/a 5.5 f1/d1 d111
8 74 M Lipoma Neck n/a Y 3.5 f1/d1 d111
9 23 M Lipoma Thigh n/a n/a 27 f1/d11 d11

10 39 F Lipoma Flank n/a n/a n/a f1/d1 d11
11 21 F Angiolipoma Arm N N 1 f1/d1 d111
12 33 M Angiolipoma Thigh Y N 3 f1/d1 d111
13 46 M Angiolipoma Flank n/a n/a 1.5 f1/d11 d111
14 85 M Angiolipoma Back N Y 3.5 f1/d1 d111
15 29 F Angiolipoma Arm N Y 0.8 f1/f11 d11
16 44 M Spindle Cell lipoma Neck Y Y 1.2 f1/d1 d11
17 63 M Spindle Cell lipoma Neck Y Y 5 f1/d11 d11
18 76 M Spindle Cell lipoma Back N n/a 7 f1/d11 d111
19 68 M Spindle Cell lipoma Neck Y n/a 1.5 f1/d1 f11
20 60 M Spindle Cell lipoma Back Y Y 0.5 f1/d1 d111
21 53 F Pleomorphic lipoma Breast n/a n/a n/a d111/d111 d111
22 37 M Hibernoma Back n/a n/a 8.5 d111/d111 d111
23 65 M Hibernoma Back Y Y 13 d111/d111 d111
24 64 M Well-differentiated liposarcoma Retroperitoneum N Y 40 d111/d111 d11
25 76 M Well-differentiated liposarcoma Retroperitoneum Y Y 12 d111/d111 d11
26 67 M Well-differentiated liposarcoma Paratesticular area N N 8 d111/d111 d11
27 68 M Well-differentiated liposarcoma Thigh Y n/a 40 d111/d111 d111
28 40 F Well-differentiated liposarcoma Retroperitoneum n/a n/a n/a d11/d111 d111
29 63 F Well-differentiated liposarcoma Retroperitoneum N Y 22 d11/d11 d111
30 48 M Well-differentiated liposarcoma Retroperitoneum n/a N 18 d11/d11 d111
31 51 F Dedifferentiated liposarcoma Retroperitoneum N N 11 d111/d111 d111
32 68 F Dedifferentiated liposarcoma Retroperitoneum N N 24 d111/d111 d11
33 40 F Dedifferentiated liposarcoma Retroperitoneum N N 20 d11/d111 d11
34 38 F Myxoid/Round Cell liposarcoma Thigh N N 10 d11/d111 d11
35 39 M Myxoid/Round Cell liposarcoma Shoulder N N 11 d1/d111 d111
36 51 M Myxoid/Round Cell liposarcoma Thigh N n/a 11 d11/d111 d11
37 49 M Myxoid/Round Cell liposarcoma Thigh N n/a 15 d11/d111 d11
38 42 M Myxoid/Round Cell liposarcoma Leg Y Y 6 d11/d111 d11
39 84 M Pleomorphic liposarcoma Thigh Y N 4.5 d11/d111 d111

Y, present; N, absent; n/a, not available; IH, immunohistochemistry; ISH, in situ hybridization; f, focal; d, diffuse; 1, mild; 11, moderate; 111,
intense.
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analysis of the leptin bands was done as previously
described (28).

In Situ Hybridization (ISH)
Paraffin-embedded, formalin-fixed, archival tis-

sues (5 mm-thick slides) from all tumors were used
for ISH. Five samples each from normal subcuta-
neous and retroperitoneal adipose tissue and nor-
mal anterior pituitary gland tissue were used as
positive controls for the ISH analysis. The human
leptin (OB; obtained by RT-PCR from normal fat
total RNA) and the functional form of the leptin
receptor (OB-Rb) complementary DNA (obtained
from Eli Lilly & Co,, Indianapolis, IN) were cloned
into pCRII-TOPO (Invitrogen, Carlsbad, CA) and
linearized with BamHI or ApaI. Riboprobes were
generated by in vitro transcription reaction and
digoxigenin 11-UTP (Boehringer Mannheim, India-
napolis, IN) labeling with T7 (antisense) and SP6
(sense) RNA polymerase for OB and OB-Rb (Pro-
mega Corp., Madison, WI). The labeled probes were
digested with deoxyribonuclease, extracted with
phenol/chloroform, and precipitated with ethanol.
ISH signals were detected by the antidigoxigenin AP
(1:200 dilution; Boehringer Mannheim) and ni-
troblue tetrazolium/5-bromo-4-chloro-3-indolyl-
phosphate system (27, 28).

RT-PCR
Total RNA was extracted from available frozen or

fresh tissue in five lipomas and five liposarcomas
using the TRIzol reagent kit (Life Technologies, Inc.,
Gaithersburg, MD) and used for the identification
of leptin and OB-Rb messenger RNAs by RT-PCR.
The housekeeping genes hypoxanthine phosphori-
bosyl transferase and glyceraldehyde-3-phosphate
dehydrogenase were used as internal positive con-
trols. RT-PCR was performed according to previ-
ously described methods (27). Thirty cycles of PCR
amplification with 57°C annealing temperature
were used for OB-Rb and 40 cycles with 55°C an-
nealing temperature were used for leptin. PCR
products were analyzed by 2% agarose gel electro-
phoresis with ethidium bromide staining and
Southern hybridization. The sequences of primers
and hybridization probes for leptin and OB-Rb
were previously reported (27). Densitometric anal-
ysis of the bands for Southern hybridization was
done as previously described (27, 28).

RESULTS

Clinical Features
The clinicopathologic data for the 39 tumors are

summarized in Table 1. In the lipoma group (in-
cluding hibernomas), the mean age at diagnosis

was 51 years (range, 21 to 85 years). Thirty-five
percent of patients were female. Three patients had
a history of two or more tumors (Cases 5, 11, and
14). Eight patients were obese, and nine had hyper-
lipidemia. In the liposarcoma group, the mean age
was 56 years (range, 40 to 84 years). The female sex
was affected in 31% of the cases. History of obesity
or hyperlipidemia was found in six patients

Immunohistochemistry

Leptin Expression in Lipomas and Hibernomas
All histologic subtypes of lipoma showed cyto-

plasmic immunoreactivity for leptin (Fig. 1A), ex-
cept for one case that was negative (Case 2). The
pattern of immunoreactivity was usually focal in
most ordinary lipomas, angiolipomas, and spindle
cell lipomas. Diffuse immunoreactivity was present
in the hibernomas (Fig. 1B) and the pleomorphic
lipoma. Both mature adipocytes and spindle cells
expressed leptin in spindle cell lipoma. In pleomor-
phic lipoma, mature adipocytes and the few lipo-
blasts also expressed leptin. Immunoreactivity for
leptin was diffuse and present in the large granular
cells, lipoblast-like cells, and mature adipocytes of
hibernomas (Fig. 1B). Endothelial cells and occa-
sional lymphocytes also showed focal immunore-
activy for leptin. Fibroblasts and other connective
tissue cells were negative for leptin.

Leptin Expression in Liposarcomas
Leptin was expressed in a diffuse cytoplasmic

pattern in all subtypes of liposarcoma. Both mature
adipocytes and lipoblasts expressed leptin in well-
differentiated liposarcoma (Fig. 1, C–D). Areas of
dedifferentiation with a high-grade morphology
were present in three of these cases, and the pleo-
morphic cells expressed leptin. The lipoblasts and
poorly differentiated cells of pleomorphic liposar-
coma also expressed leptin. In myxoid and round
cell liposarcomas, lipoblasts, primitive stellate-
shaped, and round cells were positive for leptin.

Western Blotting
Western blotting analysis identified the 16 kDa

leptin protein in a lipoma and a liposarcoma (Fig.
2). Densitometric analysis showed that the lipoma
expressed more leptin protein than the liposarcoma
when the results were normalized with b-actin
(data not shown).

In Situ Hybridization
Leptin and OB-Rb mRNA were expressed in a

diffuse cytoplasmic pattern in almost all cases of
lipomas, hibernomas, and liposarcomas (Fig. 3).
Nonspecific nuclear staining was observed in hiber-
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nomas and liposarcomas. No important difference
in staining intensity was observed between benign
and malignant tumors. In addition, no difference in
staining intensity was observed among different
histologic subtypes of lipomas and liposarcoma.
Leptin and OB-Rb mRNA were observed in all cell
types in hibernomas and were focally present in
endothelial cells. Fibroblasts and other connective
tissue cells were negative for both leptin and OB-Rb
mRNA.

Immunohistochemistry and ISH analyses showed
no important differences in the expression of leptin
and OB-Rb mRNA between benign and malignant
tumors in obese and lean patients, hyperlipidemic
and normolipidemic patients, and male and female
patients.

RT-PCR
Leptin mRNA expression was detected in normal

adipose tissue, lipomas, and liposarcomas. OB-Rb
mRNA was detected in all five lipomas and five
liposarcomas (Fig. 4). The expression of OB-Rb
mRNA was low in one lipoma (Case 10), but a
reliable history of obesity and hyperlipidemia was
not available. Two liposarcomas expressed OB-Rb
mRNA in very low concentrations (Cases 29 and

38), and both patients had a history of hyperlipid-
emia or obesity. No important difference in the
expression of leptin and OB-Rb mRNA was found
between lipomas and liposarcomas when the sam-
ples were normalized with hypoxanthine phospho-
ribosyl transferase and analyzed by densitometry
(data not shown).

DISCUSSION

Leptin is a 16 kDa peptidic hormone mainly synthe-
sized and secreted by the adipose tissue. In the periph-
eral blood circulation, plasma levels of leptin correlate
very well with total body adipose tissue mass (29).
Higher plasma concentrations of leptin are often found
in obese individuals and tend to decrease after weight
loss (29). After crossing the blood-brain barrier by a
transport system not completely elucidated (30, 31), lep-
tin binds to the leptin receptor (OB-Rb) in the hypothal-
amus and appears to activate the Janus protein-tyrosine
kinase and Signal Transducers and Activators of Tran-
scription (STAT) pathway (32). In the hypothalamus,
leptin has stimulatory effects on corticotropin-releasing
hormone, pro-opiomelanocortin, thyrotropin-releasing
hormone, and cocaine- and amphetamine-regulated
transcript, and inhibitory effects on neuropeptide Y and
agouti-related protein (5, 7).

FIGURE 1. Cytoplasmic immunoreactivity for leptin in lipoma (A), hibernoma (B), and well-differentiated liposarcoma (C and D). Nonspecific
nuclear/nucleolar staining was observed in some cells, especially in the hibernoma (B). Except for one lipoma (Table 1), all benign and malignant
tumors expressed leptin.

552 Modern Pathology



We demonstrated for the first time that tumors of
adipocytic differentiation, similar to normal adi-
pose tissue, express leptin and OB-Rb mRNA. In-
terestingly, leptin expression was unusually focal in
mature adipocytes in lipomas and more diffuse in
more primitive cells and lipoblasts. This may be
related to the fact that the immunohistochemical
staining was more difficult to interpret because of
the cytoplasmic displacement caused by the large
amount of lipid in more mature adipocytes. How-
ever, this pattern of staining was less prominent
with ISH for leptin mRNA. In the latter, a more
distinct cytoplasmic staining was observed.

Leptin and OB-Rb have been found in both nor-
mal white and brown adipose tissue (15, 17–23).
However, leptin expression in brown adipose tissue
has been somewhat controversial (19, 20, 33–35).
Our results showed that benign white and brown
adipose tumors both expressed leptin protein, lep-
tin mRNA, and OB-Rb mRNA.

Leptin expression is not restricted to adipose tis-
sue because mammary cells, placenta, gastric epi-
thelium, and pituitary all express leptin (27). We
also observed leptin expression in some endothelial

cells and lymphocytes, but not in fibroblasts in this
study.

The ISH analysis of leptin and Ob-Rb mRNA
showed nuclear staining in some tumors. This find-
ing was interpreted as nonspecific because it is
sometimes seen in ISH studies. The cause and sig-
nificance of this finding is unknown at this time.

The regulation of leptin production in adipose
tissue has been studied extensively. Experiments in
rats showed direct effects of leptin on the adipose
tissue, with an increased rate of insulin-dependent
glucose utilization and lipolysis in white and brown
adipose tissue after peripheral administration of
leptin (36). Leptin binding to the OB-Rb also stim-
ulated the expression of mRNA for malic enzyme
and lipoprotein lipase in brown adipocyte cultures
of lean (Fa/fa) rats, but not in brown adipocyte
cultures from obese Zucker (fa/fa) rats, which have
an inactivating mutation in the OB-Rb gene. Similar
results were observed for leptin induction of STAT
activity. After leptin administration, STAT activity
was increased in both white and brown adipose
tissue cultures but not in brown adipose tissue cul-
tures of obese Zucker (fa/fa) rats (36). These results
suggest that leptin has a direct autocrine and para-
crine effect on normal adipocytes. Because we
showed that leptin and OB-Rb mRNA are expressed
in tumors of white and brown adipocytic differen-
tiation, it is conceivable that the same autocrine
and paracrine effects might be present in these
tumors. However, further studies should be per-
formed to examine these possibilities.

Fatty acids present in mature adipocytes in lipo-
mas, and adipocytes and lipoblasts in liposarcomas
seem to be unavailable for the general metabolism
(37–39). This fact is well exemplified with the ob-
servation that the volume of these tumors does not
change significantly during weight loss (37). In ad-
dition, the tumor volume of disseminated liposar-
comas does not appear to diminish in cachectic
patients. In contrast, lipoma volume increases dur-
ing rapid weight gain (37). The underlying causes
for these observations are still unknown and intrin-
sic alterations in the biochemical pathways of the
neoplastic cells might be present (39 – 41). The pres-
ence of both leptin and OB-Rb mRNA expression
almost excludes the possibility that changes in the
leptin receptor between normal adipose tissue and
lipomas and liposarcomas can account for these
differences.

An important differential expression of leptin
and OB-Rb mRNA with respect to the obesity and
hyperlipidemia status or sex of the patients was
not found on our series. However, due to the
small number of cases, statistical analysis could
not be performed. These findings suggest that
leptin and OB-Rb mRNA expression in adipose
tumors is probably independent of or at least not

FIGURE 2. Expression of leptin and the long form of the leptin
receptor (OB-Rb) in lipomas and liposarcomas by RT-PCR. Top panel,
leptin; middle panel, leptin receptor (OB-Rb), bottom panel,
hypoxanthine phosphoribosyl transferase (HPRT) used to check the
quality of the mRNA. Lanes 1 through 5, lipomas (Cases 6 to 10). Lanes
6 –10, liposarcomas (Cases 6, 7, 9, 15, and 16). Lane 11, normal adipose
tissue used as a positive control. Lane 12, negative RT control. The
lower portion of each panel shows the Southern hybridization results
using internal probes for each primer set as previously reported (27).
The sizes of the amplified products are shown on the right.
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markedly influenced by serum levels of leptin. In
this regard, it is possible that (1) a dysfunctional
autocrine or paracrine loop might be present in
these tumors, which would contribute to their
metabolic refractoriness; and (2) a paraneoplastic
hyperleptinemia may exist in large or multiple
tumors, such as in patients with large retroperi-
toneal liposarcomas or in patients with lipoma-
tosis. Our findings also suggest that the leptin
receptor could possibly be used as a potential
target for drug or hormone therapy in unresect-
able or metastatic liposarcomas.

Despite the presence of leptin or leptin recep-
tor in adipose tissue tumors, the use of these

markers as diagnostic tools for the identification
of tumors of adipocytic differentiation should be
viewed with caution because other normal cell
types and neoplasms also express leptin or leptin
receptor (27).

In summary, we demonstrated for the first time
that lipomas, hibernomas, and liposarcomas ex-
press leptin and leptin receptor. These findings
should provide new insights into the understanding
of the pathobiology of these tumors.
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