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Immunohistochemical identification of tumours
of adipocytic differentiation using an antibody
to aP2 protein

J H Bennett, S Shousha, B Puddle, N A Athanasou

Abstract
Aim-To determine whether aP2 ex-
pression is a useful diagnostic marker in
soft tissue tumour pathology.
Methods-A polyclonal antibody to aP2
was used to investigate the immuno-
histochemical expression ofthis protein in
benign and malignant tumours of adipo-
cytic differentiation and a wide variety of
other neoplasms.
Results-aP2 was only expressed by lipo-
blasts (in all types of liposarcoma and in
lipoblastomatosis) and by brown fat cells
(in both hibernomas and normal peri-
adrenal fetal fat). Other benign adipose
tissue tumours and malignant connective
tissue or epithelial tumours were dis-
tinguished from liposarcoma by the ab-
sence of staining for aP2.
Conclusion-Identification of lipoblasts
using markers ofaP2 expression is ofvalue
in the differential diagnosis of benign and
malignant adipose tissue tumours and in
distinguishing liposarcomas from other
malignant mesenchymal and epithelial
neoplasms, some of which contain cells
that morphologically resemble lipoblasts.
(J7 Clin Pathol 1995;48:950-954)
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Tumours of adipose tissue, both benign and
malignant, are among the commonest of the
soft tissue tumours.1 As they are sometimes
difficult to distinguish morphologically from
tumours arising from other mesenchymal tis-
sues, they can present a diagnostic problem
to tumour pathologists. Differentiation of the
various forms of benign and malignant adipose
tissue tumours can also be problematic, par-
ticularly with regard to establishing a diagnosis
ofliposarcoma. One reason for these difficulties
is that there are currently no specific histo-
chemical or immunohistochemical markers of
adipocytic differentiation and therefore diag-
nosis often depends on the recognition of a
number ofsubtle morphological features which
indicate that a tumour is of adipocytic differ-
entiation.
Maturing prenatal adipocyte precursors in-

clude primitive spindle or stellate shaped
fibroblast-like cells, containing little or no lipid,
and more mature lipoblasts that contain one

or more large cytoplasmic vacuoles and in-
tracellular glycogen. ` In a pathological context
the presence of lipoblasts is generally regarded
as indicative of a tumour of adipocytic differ-
entiation: specifically, one of the various forms
of liposarcoma or, more rarely, one of the in-
fantile or childhood forms of lipoblastoma.'
Accurate identification of lipoblasts is thus of
some importance as their presence often signals
a diagnosis of malignancy in a well differ-
entiated adipose tissue tumour, or designation
of a malignant tumour as a liposarcoma rather
than another form of soft tissue sarcoma. The
morphological identification of lipoblasts, how-
ever, can, on occasion, be a difficult exercise
and a cause of some debate among tumour
pathologists.

Adipocytic differentiation has been in-
tensively studied in vitro using preadipocytic
cell lines. From these, genes regarded as early
or late markers of adipocytic differentiation
have been cloned.36 Their protein products are
associated with the regulation of lipogenesis,
lipolysis, triglyceride metabolism, or are known
transcription factors. Examples include insulin
regulated glucose transporter (IRGT or Glut-
4), lipoprotein lipase, glycerol-3-phosphate
dehydrogenase, fatty acid synthetase, malic
enzyme, aP2,78 and adipsin.910 Although ex-
pression of some of these proteins is not con-
fined to adipose tissue, expression of others,
including adipsin and aP2, is uniquely re-
stricted to fat cells. aP2 (also known as p422
or adipocyte lipid binding protein), originally
isolated from the murine 3T3-L1 cell line, is a
132 amino acid, single chain, 14-6 kD poly-
peptide, showing considerable homology with
myelin P2 proteins. It is encoded by a 0-6
kilobase mRNA and is expressed in pre-
adipocytes late in adipogenesis. Its expression
is coincident with acquisition of morphological
features of the adipocyte phenotype.7
To date, the expression of fat differentiation

markers in neoplastic tissues has not been stud-
ied. Accordingly, using immunohistochemical
techniques, we have studied the expression of
the aP2 protein in a range ofneoplasms, largely
soft tissue tumours, in order to determine
whether this protein can be used to distinguish
adipocyte precursors, notably lipoblasts, in tu-
mours of adipose tissue. We have investigated
whether aP2 expression can be used as a diag-
nostic aid to differentiate between benign and
malignant adipose tissue tumours. We have
also examined whether other mesenchymal and
epithelial neoplasms, some of which contain
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Tumours of adipose tissue and other lesions and tissues studied and results of staining for
aP2

Tumours of adipose tissue
aP2 positive reactionl
no. of lesions studied

Lipoma
Pleomorphic lipoma
Intramuscular lipoma
Spindle cell lipoma
Lipoblastoma
Hibernoma
Liposarcoma

well differentiated
myxoid
round cell
pleomorphic

Other tumoursltissues
Myxoma (intramuscular)
Benign fibrous histiocytoma
Fibromatosis (extra-abdominal desmoid)
Glomus rumour
Haemangioma
Neurilemmoma
Epithelioid sarcoma
Malignant fibrous histiocytoma
Synovial sarcoma
Ewing's tumour
Clear cell sarcoma
Rhabdomyosarcoma (embryonal)
Leiomyosarcoma
Osteosarcoma (soft tissue)
Clear cell carcinoma of kidney
Signet ring cell carcinoma of stomach
Renal/thyroid oncocytomas
Mature

subcutaneous
omental adipose tissue
retroperitoneal J

Fetal periadrenal fat
Brain, liver, heart, pancreas, spleen, lung, striated muscle,
small bowel mucosa, kidney, adrenal gland, cartilage, bone

0/10
0/2
0/5
0/8
2/2
3/3

4/7
13/14
6/6

10/14

0/5
0/2
0/4
0/3
0/2
0/2
0/2
0/5
0/4
0/6
0/2
0/4
0/4
0/1
0/3
0/2
0/4

0/4
0/4
0/2
2/2

all 0/2
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cells that morphologically resemble lipoblasts
and other adipocyte precursors, can be similarly
distinguished from malignant tumours of adi-
pocytic differentiation.

Methods
Cases of tumours of adipose tissue, other be-
nign and malignant tumours as well as a range
of normal tissues were retrieved from con-
sultation files of the Nuffield Orthopaedic
Centre, John Radcliffe Hospital and Charing
Cross Hospital Histopathology Departments.
Case material was in the form of unstained
slides oftumours referred for histological opin-
ion or paraffin wax blocks of tissue specimens
(routinely fixed in formalin for at least 24 hours
and embedded in paraffin wax) from which
5 ,um sections were cut and mounted onto glass
slides. The number and range of tumours and
tissues studied are shown in the table. Histo-
logical criteria used for the pathological diag-
nosis of the various soft tissue tumours
examined were those of Enzinger and Weiss.'
The anti-aP2 antibody used was raised in

rabbits against a synthetic peptide correspond-
ing to the amino acid sequence of residues 121
to 132 of aP2 protein isolated from 3T3-LI
cells8 (kindly supplied by Dr M D Lane, De-
partment of Biological Chemistry, Johns Hop-
kins Medical School, Baltimore, Maryland,
USA). This sequence shows complete hom-
ology between mouse and man.6
Immunohistochemical staining was carried

out using a two stage, indirect immunoper-
oxidase technique as described previously.'0
Some sections which reacted weakly or not at

(C)
Figure 1 Indirect immunoperoxidase staining for aP2 in
(A) a myxoid liposarcoma (x 200) and a round cell
liposarcoma at (B) low power (x 250) and at (C) high
power.

all with antibody directed against aP2 were
pretreated in a microwave oven at 640 W for
10 minutes in 0-01 M citrate buffer, pH 6-0,"1
prior to staining to enhance immunohisto-
chemical staining.

Results
Following staining of a wide variety of normal
tissues and benign and malignant pathological
lesions, we found that the aP2 gene product was
expressed only by brown fat cells in periadrenal
fetal fat and by hibernomas and lipoblasts in
lipoblastomas, and by all types of liposarcoma
(table).
Morphologically identifiable lipoblasts were

clearly stained in both lipoblastoma and lipo-
sarcoma lesions (fig 1). A variable proportion
of spindle shaped, round and pleomorphic cells
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Figure 2 Indirect immunoperoxidase staining of a pleomorphic variant
showing aP2 cytoplasmic expression by vacuolated tumour cells (x 250)

Figure 3 Indirect immunoperoxidase staining of a hibernoma for aP2 s
positive staining of vacuolated brown (fetal) fat cells within the fatty lob
hibernoma (x 200).

....

Figure 4 Indirect immunoperoxidase staining of a spindle cell lipoma si
absence of staining for aP2 in fat and spindle cells (x 200).

containing small fat vacuoles in pleomorphic
variants of liposarcoma were also aP2 positive
(fig 2). aP2 staining was restricted to the cy-
toplasm and most often localised around the
periphery of the small fat vacuole within lipo-
blasts. In those areas of pleomorphic lipo-

A&; % sarcoma where spindle, round or pleomorphic
tumour cells predominated, staining for aP2
was also cytoplasmic, often highlighting the
presence of small fat vacuoles which were not
evident on routine staining with haematoxylin
and eosin.
A greater number of aP2 positive cells were

seen in myxoid, round cell and pleomorphic
2 variants of liposarcoma compared with well

differentiated forms of this tumour. This con-
firms the morphological observation that lipo-

* blasts and other primitive fat precursor cells are
less commonly observed in well differentiated
lipoma-like or sclerosing variants of lipo-

of liposarcoma sarcoma compared with myxoid, round cell and
pleomorphic types of liposarcoma. Microwave
pretreatment enhanced staining of brown fat
cells and lipoblasts in sections of hibernoma
and liposarcoma, respectively, although this
was generally achieved at the cost of increased
background staining. A few sections of referred
cases ofliposarcoma were entirely aP2 negative,
possibly indicating weak expression of the aP2
antigen in these particular tumours, or un-
known variability in fixation and processing of
these tumours.
aP2 was also strongly expressed by brown

fat cells in normal periadrenal fetal fat and in
hibemomas (fig 3). aP2 was largely localised
around the small fat vacuoles within the
cytoplasm of these cells. Normal mature
subcutaneous, omental and retroperitoneal
adipose tissue as well as fat entrapped or in-
filtrated by the many other soft tissue lesions
examined, showed no evidence of aP2 staining.
Two lesions of subcutaneous fat necrosis were
also entirely negative for aP2. With the ex-
ception ofhibernoma, all benign adipose tissueshowingheavy tumours (including cases of pleomorphic li-
poma and spindle cell lipoma) were negative
for aP2 (fig 4). Both ofthe pleomorphic lipomas
and several of the spindle cell lipomas studied
contained fat cells showing marked variation in
size, including small cells that morphologically
resembled lipoblasts; these lipoblast-like cells
were aP2 negative.

'vA > R A variety of normal tissues were screened
and found to be negative for aP2. A wide range
ofbenign and malignant non-adipose soft tissue
tumours of mesenchymal and epithelial differ-

* .;~ entiation were also negative. In particular, aP2
was not expressed by several malignant tu-
mours containing vacuolated cells which mor-
phologically resembled lipoblasts, such as

^'*,6* >^leiomyosarcoma, clear cell sarcoma, clear cell
carcinoma, and signet ring cell carcinoma.
Renal oncocytomas and thyroid Hurthle cell

*A!;t * tumours, both of which contain mitochondria-
* rich tumour cells that resemble brown fat cells,

t,"j !were also aP2 negative. Other tumours con-
taming numerous round or pleomorphic cells,
such as Ewing's sarcoma, rhabdomyosarcoma

howing the or malignant fibrous histiocytoma, were also
negative for aP2.
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Discussion
This study has shown that immunohisto-
chemical staining for the aP2 gene product can
be used to identify lipoblasts and brown fat
cells in tissue sections. With the exception of
hibernoma and lipoblastoma, expression of
aP2 was only seen in liposarcomas. Expression
of aP2 therefore provides a means of dis-
tinguishing liposarcoma from most common
benign tumours of adipocytic differentiation.
Similarly, other malignant epithelial and con-
nective tissue tumours containing round or
vacuolated cells, showing some morphological
resemblance to lipoblasts and other primitive
adipocyte precursors, can also be distinguished
from liposarcomas because of the absence of
staining for aP2.
There are no specific enzyme or lipid histo-

chemical markers of adipocytic differentia-
tion.'2 Lipid histochemical stains such as oil
red 0 and Sudan IV are of limited use as
they require specific fixation and processing
protocols. Lipids are lost after prolonged fixa-
tion in formaldehyde and lipid histochemistry
cannot be used on sections of routinely pro-
cessed, paraffin wax embedded tissues. These
stains are also of limited diagnostic use as they
are not specific; tumour cells in a variety of
other mesenchymal and epithelial neoplasms
also contain histochemically identifiable lipid. 1 2
Lipomas and liposarcomas have been reported
to be positive for vimentin and variably positive
for S 10012 12; however, these proteins are ex-
pressed in a wide range of soft tissue tumours,
so they are of relatively little use in char-
acterising a tumour as one of adipocytic differ-
entiation. Moreover, the above histochemical
and immunohistochemical markers do not dis-
tinguish between benign and malignant adipose
tissue tumours. Immunohistochemical iden-
tification of aP2 expression is thus likely to be
particularly valuable in tumour diagnosis as it
not only identifies lipoblasts, the cytological
hallmark of a malignant adipose tissue tumour,
but also allows this to be carried out in formalin
fixed, routinely processed tissue sections.
Benign adipose tissue tumours such as

spindle cell lipoma or pleomorphic lipoma may
contain small or pleomorphic fat cells that
may resemble lipoblasts.1 In about 50% of
pleomorphic lipomas, cells morphologically
indistinguishable from lipoblasts have been
noted. '3 These cells, however, were entirely
aP2 negative, aP2 being almost exclusively
expressed by lipoblasts in liposarcomas. The
high specificity of aP2 staining for lipoblasts
in liposarcomas enables the pathologist to
distinguish benign adipose tissue tumours con-
taining lipoblast-like cells from liposarcomas.
A lack of aP2 expression was also useful in
determining the nature of small or compressed
fat cells lying close to fibrous tissue within the
benign adipose tissue tumours and in areas of
fat necrosis or panniculitis containing small or
degenerate fat cells which can be mor-
phologically mistaken for lipoblasts.

Several morphological variants of lipo-
sarcoma are known to exist,' each of which
needs to be distinguished from a number of
sarcomas and carcinomas. Thus, malignant tu-

mours containing numerous pleomorphic or
round tumour cells, such as rhabdomyo-
sarcoma, Ewing's sarcoma or pleomorphic
malignant fibrous histiocytoma, need to be dis-
tinguished from round cell or pleomorphic lipo-
sarcoma, both high grade forms ofliposarcoma.
Tumours such as myxoid malignant fibrous
histiocytoma, intramuscular myxoma or benign
or malignant nerve sheath tumours, containing
abundant myxoid material in the stroma, need
to be differentiated from myxoid liposarcoma.
In addition, tumours with numerous clear or
vacuolated cells, such as leiomyosarcoma, clear
cell sarcoma, clear cell carcinoma, or signet
ring cell carcinoma, may be confused with a
liposarcoma containing abundant lipoblasts. As
aP2 expression in malignant tumours is re-
stricted to liposarcomas, identification of this
antigen provides a valuable marker of adipo-
cytic differentiation, aiding histological recog-
nition of this tumour.
Although most liposarcomas and all hiber-

nomas were aP2 positive and a few tumours
showed weak staining for this antigen, five
liposarcomas and one lipoblastoma remained
negative. These differences in staining may
have been due to variations in the processing
or fixation of these tumours or because some
lipoblasts show little or no expression of the
aP2 antigen. Pretreating the slides in a micro-
wave oven enhanced staining."

Fat cells vary in size and shape from spindle
or round fibroblast-like cells (prolipoblasts),
round cells (lipoblasts) containing little lipid,
multivacuolated cells containing many lipid
filled vacuoles (preadipocytes) to mature fat
cells in which the small vacuoles have coalesced
to form a single, large, round, fat vacuole filling
the cytoplasm (adipocytes).23 The aP2 gene is
only expressed upon adipocytic differentiation
and levels of expression in cultured cell lines
are known to be differentiation dependent.78
It is regarded as a late, as opposed to a very
late, marker of differentiation.'5 In vitro, aP2
expression has been correlated with the ac-
quisition of the morphological features of pre-
adipocytes and young adipocytes and is lost in
more mature cells with extensive cytoplasmic
lipid vacuolation.'6 This is reflected in our
findings where aP2 staining was seen around
small fat vacuoles within prolipoblast and lipo-
blast-like cells of immature fat, lipoblastoma
and liposarcoma, but not in adipocytes of ma-
ture fat or the various forms of lipoma studied.

Fetal adipose tissue develops from aggregates
of mesenchymal cells which condense around
proliferating primitive blood vessels.23 The pre-
cise nature of the stromal cell from which
adipocytes originate is uncertain. In vitro stud-
ies suggest that they are derived from a primitive
pluripotent cell which gives rise to other cellular
elements of the mesenchyme, such as fibro-
blasts, chondrocytes, myoblasts, and
osteoblasts.17 18 Phenotypic differentiation
markers are slowly becoming available for sev-
eral cell lineage products of this putative
stromal precursor. Our finding that immature
fat cells in adipose tumours express aP2 raises
the exciting possibility that identification of
lineage specific antigens may assist in the diag-
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nosis of other soft tissue neoplasms. Indeed,
the MyoD1 protein, specific to muscle, has
been used successfully in this way to diagnose
rhabdomyosarcoma.19 Further characterisation
of the pattern of expression of these proteins
in pathological specimens may allow diagnosis
of soft tissue tumours to be carried out using
immunophenotypic markers in a manner ana-

logous to that used for the diagnosis of haema-
tological malignancies.
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