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Abstract
Lipoblastoma-like tumor of the vulva was first described as a benign mesenchymal neoplasm of adipocytic
differentiation having features of lipoblastoma, myxoid liposarcoma, and spindle cell lipoma. Prior studies of
lipoblastoma-like tumor have evaluated PLAG1, HMGA2, and RB1 immunohistochemistry and DDIT3 rearrangement
status, with results supporting its distinction from lipoblastoma and myxoid liposarcoma. However, absent RB1
expression was reported in a majority of tested cases, suggesting that lipoblastoma-like tumor may have underlying 13q
alterations and be related to RB1-deleted soft tissue tumors. To further understand the molecular genetics of
lipoblastoma-like tumor, we examined 7 cases by RB1 immunohistochemistry, DDIT3 and PLAG1 break apart FISH
probes, RB1 enumeration FISH probe, and genomic copy number analysis by microarray. Patient age ranged from 21 to
56 years (median 35 years). Clinical follow up was available for 5 patients (71%) ranging 3–264 months (median
74 months). Microscopically, lipoblastoma-like tumor formed large lobules separated by thin and/or thick bands of
fibrous tissue and had a prominent network of thin-walled vessels. Each tumor was predominantly composed of spindle
cells and lipoblasts with variable quantities of mature adipocytes. RB1 immunohistochemistry exhibited a heterogeneous
or “mosaic” pattern of weak and negative nuclear expression in all seven cases. DDIT3 and PLAG1 FISH were negative
in each case. No evidence of RB1 regional gain or loss was identified by FISH. Genomic copy number analysis by
chromosomal microarray showed a normal diploid profile in six tumors (86%). One tumor had copy number
abnormalities consisting of an 11.9 megabase deletion from 1p13.3 to 1p11.2 and monosomy 14. Although lipoblastoma-
like tumor has features of lipoblastoma, myxoid liposarcoma, and spindle cell lipoma, it is genetically different from
these tumors. Furthermore, lipoblastoma-like tumor does not appear to have structural abnormalities of 13q resulting in
deletion of RB1.

Introduction

Lipoblastoma-like tumor of the vulva was first reported by
Lae and colleagues in 2002 as a series of three cases [1].
The authors characterized lipoblastoma-like tumor as a

mesenchymal neoplasm of adipocytic differentiation having
morphologic features of lipoblastoma, myxoid liposarcoma,
and spindle cell lipoma; they further suggested that
lipoblastoma-like tumor is a benign tumor with a tendency
to occur in young patients in which conservative complete
excision is curative.

Since its description, nine additional cases of
lipoblastoma-like tumor have been published [2, 3]. A
series of eight cases by Mirkovic and Fletcher [3] eval-
uated PLAG1, HMGA2, and RB1 by immunohis-
tochemistry and DDIT3 by fluorescence in situ
hybridization (FISH). In addition to the morphologic
features of lipoblastoma-like tumor, the authors concluded
that essentially absent expression of PLAG1 and HMGA2
distinguished it from lipoblastoma and lack of DDIT3
rearrangement distinguished it from myxoid liposarcoma.

* J. Kenneth Schoolmeester
Schoolmeester.j@mayo.edu

1 Department of Laboratory Medicine and Pathology, Mayo Clinic,
Rochester, MN, USA

2 Department of Pathology, Charles University, Faculty of Medicine
in Pilsen, Pilsen, Czech Republic

3 Biomedical Center, Charles University, Faculty of Medicine in
Pilsen, Pilsen, Czech Republic

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-018-0102-y&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-018-0102-y&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-018-0102-y&domain=pdf
mailto:Schoolmeester.j@mayo.edu


However, RB1 expression by immunostain was
negative in six of seven cases, leading them to suggest
that lipoblastoma-like tumor may have underlying 13q
alterations and be related to RB1-deleted soft tissue
tumors, including spindle cell lipoma/pleomorphic
lipoma, cellular angiofibroma, mammary-type myof-
ibroblastoma [4], and, recently, superficial acral fibro-
myxoma [5].

To further understand the molecular genetics of
lipoblastoma-like tumor, we examined a large series by
immunohistochemistry, FISH, and genomic copy number
microarray, specifically aiming to clarify the relationship of
lipoblastoma-like tumor to tumors associated with RB1
deletion.

Materials and Methods

Cases of lipoblastoma-like tumor were identified by key-
word search of the pathology databases of Mayo Clinic,
Rochester, Minnesota, and Faculty of Medicine in Pilsen,
Charles University, Czech Republic. No cases from the
series by Lae et al. [1] were included. All available hema-
toxylin and eosin slides were retrieved and reviewed to
confirm a diagnosis of lipoblastoma-like tumor. Internal
institutional medical records, submitted consultation
paperwork and referring pathologists and clinicians pro-
vided clinical and/or pathologic information for each
patient. A representative formalin-fixed paraffin-embedded
tissue block from each tumor was sectioned for immuno-
histochemistry, FISH and whole genome copy number
analysis by single nucleotide polymorphism microarray
(Oncoscan, Affymetrix, Santa Clara, CA).

Immunohistochemical analysis of RB1 was performed
using heat-induced epitope retrieval of anti-human reti-
noblastoma protein (G3-245, 1:50 dilution, BD Bios-
ciences, San Jose, CA) on the BenchMark XT automated
detection system (Ventana Medical Systems, Tucson,
AZ). Status of DDIT3 (12q13), PLAG1 (8q12.1), and RB1
(13q14) was evaluated by FISH using break apart probe
sets for DDIT3 (Abbott Molecular, Abbott Park, IL) and
PLAG1 (Agilent, Santa Clara, CA) and enumeration
probes for RB1 (RB1 at13q14 and LAMP1 at 13q34)
(Abbott Molecular). Samples were scored in a blinded
manner by two technologists (50 intact nuclei each)
according to previously described methods [6]. For
genomic copy number analysis by microarray, tumor was
macrodissected from unstained slides and processed for
DNA extraction. DNA was calculated by Qubit fluoro-
metric quantitation according to the manufacturer’s sug-
gested protocol (Thermo Fisher, Waltham, MA). Data
files were analyzed using Chromosomal Analysis suite
software (ChAS, Affymetrix). Ta
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Results

Clinical findings

A total of seven cases of lipoblastoma-like tumor were
identified (Table 1). Six cases were consultative and

suggested diagnoses for these were myxoid liposarcoma
(four cases), myxoid liposarcoma or spindle cell lipoma
(one case), and myxoid spindle cell lipoma (one case).
Patients ranged from 21 to 56 years of age (mean 35 years,
median 35 years). Clinical presentation was a vulvar or
groin mass in six patients and a painful vulvar cyst in the

Fig. 1 Lipoblastoma-like tumor of the vulva formed large lobules
separated by thick (a) or thin fibrous septa (b). Variable stromal col-
lagenization was present, either as dense aggregates (b) or wispy fibers
(c). A conspicuous network of thin-walled blood vessels was seen in
all examples (d). Each tumor contained a mixture of spindle cells and

lipoblasts and occasional interspersed mature adipocytes (e). The
spindle cells had fibrillary eosinophilic cytoplasm, low grade cytologic
features while the lipoblasts were cytologically bland and uni-or
bivacuolated (f)
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other. All seven patients underwent simple or conservative
excision of their mass. Clinical follow up was available for
five patients (71%) ranging from 3 to 264 months (mean
62 months, median 74 months). One patient experienced
local recurrence approximately three months following
excision and the remaining patients had no evidence of
disease.

Gross and microscopic findings

Tumor size was known for all cases, ranging from 2 to 9
cm (mean 4.7 cm, median 5.5 cm). Microscopically, the
tumors were relatively well delineated and formed large
lobules partitioned by thick or thin bands of fibrous tissue
(Fig. 1a, b). A variable degree of stromal collagenization
was present, either as dense aggregates (Fig. 1b) or wispy
fibers (Fig. 1c). All tumors had a prominent arborizing
network of thin-walled vessels (Fig. 1d) and were com-
posed predominantly of spindle cells and lipoblasts with
variable number of intermixed mature adipocytes
(Fig. 1e). The spindle cells had ample fibrillary eosino-
philic cytoplasm, ovoid to pointed nuclei containing
finely granular chromatin (Fig. 1f). Uni- and bi-
vacuolated lipoblasts were present, but lacked nuclear
enlargement and hyperchromasia (Fig. 1f). The cellularity
of each tumor lobule was even in distribution without
concentration at the periphery. Foci of red blood cell
extravasation were occasionally seen. No necrosis or
significant cytologic atypia or mitotic activity was
identified.

RB1 immunohistochemistry exhibited an alternating or
“mosaic” pattern of weak and negative nuclear expression
in all seven cases (Fig. 2a). The level of expression by
tumor cells was slightly reduced when compared with that
of non-neoplastic cells (Fig. 2b).

Molecular cytogenetic findings

FISH was negative for DDIT3 and PLAG1 rearrangement in
each of the 7 tumors. No evidence of regional gain or loss of
RB1 was identified by FISH. Genomic copy number ana-
lysis by chromosomal microarray showed a normal diploid
profile in six tumors (86%). One tumor had copy number
abnormalities consisting of an 11.9 megabase deletion
from 1p13.3 to 1p11.2 (Fig. 3) and monosomy of chro-
mosome 14.

Discussion

All 12 previously reported examples of lipoblastoma-like
tumor are summarized in Table 2. The results of our study
are in agreement with prior observations, and in aggregate,
show lipoblastoma-like tumor to most commonly occur in
young patients (range 13–56 years, median 27 years), as a
variably sized vulvar mass (range 2–15 cm, median 5.6 cm).
Recurrences have been few and are linked to resection
margin involvement: of the 15 published cases with follow
up, four recurred locally (27%), three of which had initially
positive margins. Metastasis has not been reported.

The morphologic features of lipoblastoma-like tumor
significantly overlap with lipoblastoma, myxoid lipo-
sarcoma, and spindle cell lipoma. In contrast to
lipoblastoma-like tumor, lipoblastoma typically occurs in
much younger children, arises on the trunk or extremities
and exhibits a spectrum of immature and mature adipocytic
differentiation, usually with “maturation” toward the per-
iphery of the lobules [7]. At the genetic level, lipoblastoma
is characterized by alterations of the PLAG1 proto-
oncogene located at 8q12 with or without polysomy of
chromosome 8 [8, 9], resulting in upregulation of PLAG1

Fig. 2 RB1 immunohistochemistry exhibited an alternating or “mosaic” pattern of weak and negative nuclear expression in all cases (a, b). The
degree of expression by tumor cells was reduced when compared to non-neoplastic elements such as endothelium
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protein which is detectable by immunohistochemistry.
Mirkovic and Fletcher [3] identified PLAG1 expression in
one of seven cases of lipoblastoma-like tumor, noting that
the positive case occurred in an adult patient and was
otherwise identical to other lipoblastoma-like tumors. While
PLAG1 immunostaining was not performed in our study,
we did not find PLAG1 alterations by FISH or microarray,
supporting that lipoblastoma-like tumor is genetically dis-
tinct from lipoblastoma.

Myxoid liposarcoma tends to involve the proximal
thigh of young to middle aged adults, lacks the circum-
scribed growth of lipoblastoma-like tumor and shows a
reversed pattern of zonation than what is seen in lipo-
blastoma with loss of maturation at the periphery of its
lobules [10, 11]. Genetically, myxoid liposarcoma carries
t(12;16)(q13;p11)(FUS-DDIT3) in as many as 95% of
tumors or the variant t(12;22)(q13;q12)(EWS-DDIT3) in
the remaining cases [4]. Lipoblastoma-like tumor con-
sistently lacks DDIT3 rearrangement, distinguishing it
from myxoid liposarcoma. In our series, we did not find
evidence of DDIT3 rearrangement in any case, either by
FISH or microarray.

Spindle cell lipoma most commonly arises in posterior
neck, shoulders, and back of older men, although it can
occur in women and in unusual locations [12]. It consists of
a protean admixture of bland spindle cells often arranged in

small parallel or palisading groups, wiry collagen, myxoid
matrix, and mostly mature adipocytes with only sparse
lipoblasts [13, 14]. Spindle cell lipoma differs from
lipoblastoma-like tumor by its lack of developed capillary
vasculature and absent to very infrequent quantities of
lipoblasts. Spindle cell lipomas have variably sized deletions
involving the q-arm of chromosome 13 resulting in mono- or
bilallelic loss of the tumor suppressor RB1 [15]. The same
deletion is present in a spectrum of tumors with overlapping
features including pleomorphic lipomas, cellular angiofi-
bromas, most mammary-type myofibroblastomas [4] and
recently, superficial acral fibromyxoma [5]. Loss of 13q13
results in absent RB1 expression by immunohistochemistry
[16], a finding previously reported in six of seven cases of
lipoblastoma-like tumor [3]. From this observation, the
investigators suggested that lipoblastoma-like tumor may be
linked to these RB1 deleted tumors. Our results are at var-
iance with this proposal, as all cases of lipoblastoma-like
tumor in our study had numerous tumor cells with some
degree of retained nuclear staining intermixed with negative
tumor cells. Furthermore, we did not identify 13q structural
abnormalities by enumeration FISH or microarray in any
case. Only one tumor had genomic copy number changes,
consisting of deletion of 1p13.3 to 1p11.2 and monosomy
14; these alterations appear non-specific. Our findings indi-
cate no evidence of structural abnormalities of 13q resulting

Fig. 3 A total of six of seven cases (86%) had a normal diploid profile by chromosomal microarray. One case showed an ~12 megabase deletion
spanning 1p13.3–1p11.2 (depicted). This same case also had monosomy of chromosome 14 (not shown)
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in deletion of RB1 in lipoblastoma-like tumor as seen in 13q
deleted tumors. Although RB1 gene deletions were not
identified, other mechanisms may influence RB1 immu-
noexpression such as abnormal regulation of other compo-
nents of the RB1 pathway, epigenetic aberrations, or
changes in RB1 protein half-life.

An additional consideration in the differential diagnosis
of lipoblastoma-like tumor is the myxoid variant of der-
matofibrosarcoma protuberans. Dermatofibrosarcoma pro-
tuberans typically arises in the trunk or extremities of young
to middle age adults, can have a richly myxoid extracellular
matrix with prominent thin-walled vasculature [17] and
potentially the appearance of adipocytes as a neoplastic
constituent due to infiltration of subcutaneous tissue.
However, dermatofibrosarcoma protuberans differs from
lipoblastoma-like tumor by its lack of lipoblasts, frankly
infiltrative growth into dermis and subcutis, and recurrent
COL1A1-PDGFB gene fusion which is detectable in a
majority of tumors, including its myxoid form [18].

Two individual cases of a lipoblastoma-like tumor
involving the oral lip have been reported [19, 20]. These
cases describe tumors that form small lobules or nests of
mature adipocytes and lipoblasts associated with capillary
vasculature and fibrous septa within the dermis. Although
similarly named, the absence of a spindle cell component in
the oral lip tumors is divergent from lipoblastoma-like
tumor of the vulva, and the two tumors are considered
separate entities.

In summary, the results of our study support that
lipoblastoma-like tumor is genetically unrelated to lipo-
blastoma, myxoid liposarcoma and spindle cell lipoma. The
significance of “mosaic” pattern RB1 expression is unclear,
but does not appear related to structural alterations of RB1.
Recognition of lipoblastoma-like tumor is important to
potentially avoid misclassification and overtreatment of this
benign tumor.
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