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Abstract

Introduction: Cytogenetics analysis of adipocytic tumours revealed varieties of chromosomal
translocations beyond MDM?2 amplification, so, this report aimed to identify these translocations and
recognise the altered genes with their fusion partners. Materials and Methods: The materials were
collected from different databases including PubMed, and Scopus. Results: The collected data revealed
that HMGA2 gene alteration is the initial finding. In addition, #(9,12)(q33,;q14) is arecurring cytogenetic
aberration and engenders an HMGA2::GSN chimera. Translocation involving #(3;12)(q28,q14.3)
is the most common translocation followed by #(1,12)(p32;q14) in subset of lipomas. Furthermore,
three-way translocation #(1,4,12)(q21,q27~28,q14~15) have been reported. In paediatric lipoma,
two reports revealed translocations; the first one revealed a translocation involving #(8,;13)(q21,;q22)
and HMGA2::NFIB gene fusion, and in the second report, the translocation #(9,12)(p22;q14) has
been identified. Angiolipoma, chondroid lipoma, Myolipoma, hibernoma, spindle cell/pleomorphic
lipoma, revealed translocation #(X;2)(p22;p12), t(11;16)(q13;p1213), 46, XX,¢(9;12)(p22,;q14) 1(9;11)
(q34;q13), 1(4;6)(q25;p23)/46,X tas(Y;21)(p11;p13), respectively. The presence of PLAGI alteration
is a fundamental oncogenic event that fused with other partners mainly COLIA2 gene and HAS2,
and rarely with RADS5ILI, and COLIA2, RAB2A4, COL3A41, PCMTDI1, SRSF3, HNRNPC, YWHAZ,
CTDSP2, PPP2R2A4, BOC, DDX6,, KLF10, and KANSLIL, SDCBP, HNRNPA2BI, other fusions like
EP400::HMGA2 and FGD6::HMGA2 may be found. Myxoid liposarcoma revealed that the incidence
of translocation is #(12;16)(q13;p11.2) FUS::DDIT3 is quite common, while #12;22)(q13;q12)
EWSRI::DDIT3 is rare. Recently, #(12;22)(q13,;q12) has been described. Conclusion: HMGA2 and
PLAGI are considered the most important altered genes in most adipocytic tumours subset and
lipoblastoma, and identification of their partners is valuable in providing the accurate diagnosis and
management especially when the histopathologic diagnosis is unclear.

Keywords: adipocytic tumours, gene, HMGA2, PLAGI, partner fusions, lipoblastoma, myxoid
liposarcoma

INTRODUCTION or becomes inverted on the same altered
chromosome.' The outcome of the break varies
according to its location and severity in the
setting of dynamically transcribed areas. If the
main genes are altered owing to rearrangement,
the cell is doomed to die. In other cases, the
cell may modify itself to the newly transformed
phenotype, leading to modifications in cellular
signalling that affect cell cycle and growth,

Chromosomal rearrangement (CR) is a
disastrous genomic incident that naturally
leads to cell death but can frequently play a
leading role in cellular alteration leading to
carcinogenesis. It is described as a genome
deformity in which a chromosome breaks, and
either the entire chromosome or a segment of it
is missing or is relocated to another chromosome
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leading to the evolution of cancer? CR is a
mutation where a chromosome’s structure is
altered due to loss of a segment (deletion),
flipped(inversion), copied (duplication), or
moved to another chromosome (chromosomal
translocation (CT)). CT is a chromosome
abnormality  identified by  chromosomal
rearrangements, which has resulted in the fusion
of genes that were initially separated. These
“fusion genes” are recognised to be the causes of
numerous diseases, including malignant diseases.
Two main types of CT are recognised: reciprocal
and Robertsonian. The reciprocal translocation
refers to two different chromosomes that have
exchanged segments with each other. While in a
Robertsonian translocation, the whole arm either
p or q of different chromosomes links to another
at the centromere (the centromere is the pinched
area of a chromosome between both arms).

The first fusion gene derived from CT that
was dual examined in tumour genesis and as
a treatment target is BCR::ABL. This fusion
gene, from the #(9;22)(q34,q11), was observed
in chronic myeloid leukaemia (CML) and has
been named as “Philadelphia chromosome”.
The tyrosine kinase inhibitors targeted
BCR::ABL and produced good responses with
clinical benefits against CML. This resulted
in the foundation of the molecular-targeting
therapy in cancer.* Ten years later, a new driver
mutation depending on fusion genes derived
from CT was recognised in solid tumours such
as  EML4::ALK; t(2;5)(p23,935).> Genetic
determination of tumour, whether deletion or
CT, is very important as some inhibitor drugs
give a good response in translocation and a weak
response in mutation, for example, while ALK-
inhibitors give a good response in ALK-related,
such as inflammatory myofibroblastic tumours,
they give a weak response against mutation
in alveolar rhabdomyosarcoma.® In addition,
one of the mechanisms of molecular therapy
is the separation of fused gene chimeras
from target promoters, such as the separation
of FUS::CHOP chimera in cases of ML.’

Many CTs have been detected in soft tissue
tumours; benign, borderline, and malignant soft
tissue tumours.® In this report, we aimed to study
the histopathological, cytogenetic, and molecular
studies of adipocytic tumours with translocation
as a series of studies of the entire soft tissue
tumours, both histologically and cytogenetically.

In general, most lipoma variants often
encompass rearrangements, including
conventional lipoma, angiolipoma, chondroid
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lipoma, myolipoma, spindle cell/pleomorphic
lipoma, hibernomas, lipoblastomatosis,
lipomatosis of nerve, and myxoid liposarcoma
(ML).?

Lipoma

A lipoma is a benign adipocytic tumour formed
by mature adipocytes. It is the most common
mesenchymal tumour in adults, with an equal
distribution between male and female incidence;
however, it is scarce in children.'” The most
common sites of lipoma are the subcutancous
soft tissue of the upper back, abdominal region,
and proximal extremities; however, it may
be present in deeply seated soft tissues.'''
Histological studies reveal lobules of mature
adipocytes separated by pluricellular fibrous
septa. Fat necrosis and skeletal muscle fibres
may be present. Immunohistochemistry (IHC)
and cytogenetic studies reveal that lipoma is
positive for Rb (G3-245) and HGMA2,"3 and
negative for MDM2, CDK4, and p16."

The differential diagnosis of conventional
lipoma includes varieties of lesions such as
angiolipoma (AL), spindle cell/pleomorphic
lipoma (SC/PL), atypical lipomatous tumour /
well-differentiated liposarcoma (ALT/WDLYS),
and mobile encapsulated adipose tissue (MEAT).
AL is composed of mature adipocytes intersected
by irregularly branching capillary-sized vessels
(containing fibrin thrombi) with different
proportions. SC/PL is commonly found in the
head, neck, and back, composed of spindles and
pleomorphic cells separated by ropy collagen
and shows positivity for CD34 and negativity
for Rb. ALT/WDLS is usually more than 10 cm
in size, deep-seated, composed of atypical cells
and THC reveals positivity for MDM2. MEAT is
formed by nodules composed of lobules of fat
cells surrounded by a dense fibrous capsule with
varying degrees of calcification, necrosis, and
lipomembranous changes. '

Cytogenetics  studies reveal structural
rearrangement of the HMGA2 gene or
chromosome bands /2¢g/3-gl5 and structural
rearrangement of the HMGAI gene or
chromosome band 6p2] with absence
of MDM?2,"%"7 and CDK4 amplification and loss
of giant marker/ring chromosome, and 7/3p.’*

In 2011, Liang et al."® stated a case of lipoma
that revealed a newly balanced translocation
linking chromosomes Y and 12. Fluorescence
in situ hybridisation (FISH) detected a single
signal on normal chromosome 12 but not on
the derivative chromosome Y or 12, denoting



a cryptic loss of /2¢g14.3, in which HMGA?2 is
plotted. IHC revealed negativity for MDM?2 and
CDK4 and overexpression of HMGAZ2 in most
tumour cells owing to a cryptic chromosomal
aberration that affects one of the cytogenetically
unchanged HMGA2 alleles or one of the
regulators of HMGA?2 elsewhere.

In 2013, Bianchini et al." found that #(3;12)
(q28;q14.3) is the most common translocation,
followed by #(1,12)(p32;q14) in a subset of
lipomas with detection of overexpression
of HMGA2 mRNA and protein in all #(1;12)
(p32;q14) lipomas. In 2016, Agostini et al.*
stated six cases of lipomas, five of which
revealed #(4,12)(q27~28,q14~15) as solitary
anomaly, and one lipoma revealed three-way
translocation  #(1,4,12)(q21,;q27~28,q14~15).
Recently, in 2023, Panagopoulos et al.*!' stated
that in lipoma, #(9;12)(q33;q14) is a recurring
cytogenetic aberration and engenders an
HMGA2::GSN chimera. This translocation
split the part of HMGA?2 (that encodes AT-hook
domains) away from the gene’s 3’-terminal
portion (in which elements that control HMGA?2
expression are represented), as those occur in
other HMGA?2 rearrangements of mesenchymal
tumours.

Paediatric lipoma

Jin et al.® reported a case of paediatric lipomas
with  balanced translocation  concerning
chromosomes 8 and 13 [#(8,13)(q21;q22)]
that was spotted by cytogenetic analysis, in
addition to small deletions created on 5¢21.1
and 8¢21.11 which was noticed by array
comparative genetic hybridisation but unlike
adult lipomas, no rearrangement was noticed on
12q13-q15. Another case of paediatric lipoma
was reported by Lacaria ef al.** who described
a 9-year-old male patient with paediatric lipoma
and a genetic work-up revealed HMGA2::NFIB
gene fusion with #(9;12)(p22;q14) and provided
additional evidence of the association between
NFIB rearrangement and deep-seated early-onset
lipomatous tumours.

Angiolipoma (AL)

AL is a rare benign tumour of soft tissue
containing adipocytes and blood vessels. It is
usually developed in the second and third decades
of life, with male predominance. The usual sites
of AL are the trunk and upper extremities and
if developed within the central nervous system,
it denotes separate lesions encompassing larger
vessels.”* Most cases are sporadic; however,

ADIPOCYTIC TUMOURS WITH TRANSLOCATIONS

familial predilection is accounted for by 5% with
an autosomal dominant mode of inheritance.?
Histologically, it consists of a lobular pattern
formed by mature adipose tissue and branching
capillary-sized vessels (more marked at the
periphery) interlacing with thin-walled vessels.?®
IHC revealed positive S100, ERG, CD31, CD34,
and CD61 and negative for SMA, MART]I,
CDK4, HHV8, and HMB45.”

Cytogenetic studies revealed that most cases
have low frequency of PRKD2 mutations;*
however, activating PIK3CA mutations have
been described in sporadic angiolipoma.” On
the other hand, one tumour has been reported
to have #(X;2)(p22,p12).3° Panagopoulos et al.’!
examined 3 cases of angiolipomas cytogenetically
and revealed abnormal karyotypes with loss of
structural rearrangement of chromosome /3 in all
three cases through using G-banding chromosome
and FISH analysis using a marketable accessible
RBI deletion probe. Further analysis of these
three cases revealed that the first one has the
karyotype 46,XY,-6, del(13)(q14),+mar[cp5],
the second has 44~45 XY 1(1,10;15)
(p21~22;q24;q24),-13[cp5], and the third
karyotype was 43, XX #(13,22;17) (ql12;ql13;
q22~23).'* Furthermore, FISH analysis revealed
deletion of the RB1 probe in the second and third
cases, respectively.

Chondroid lipoma (CL)

CL is a rare variant of lipoma with features
of immature fat and immature cartilage. It
is a painless mass, a slowly growing tumour
that occurs in adult women. It is a lobulated,
circumscribed, deep-seated tumour, mostly
affects the proximal extremities and limb girdles.
Histologically, it is usually encapsulated with
lobulations, and the lobules are defined by
fibrous septa. Each lobule is formed by mature
adipocytes, cells demonstrating differentiation
towards lipoblasts, admixed with myxohyaline
chondroid matrix. These cell components are
arranged in nests, cords, and sheets in variable
proportions: the cellular patterns are varied in
the form of cords, nests, and sheets. Cellular
features of adipocytes show vacuolated
cytoplasm and peripherally located nuclei
giving a signet ring appearance, while those of
lipoclastic differentiation may show numerous
features such as monotonous undifferentiated
cells with minimal cytoplasm or small granular
or vacuolated either (uni-or multivacuolated)
lipoblasts with scalloping nuclei.’? Thick-walled
vessels are mixed with gaping large thin-walled
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vascular spaces.* Insignificant nuclear atypia or
mitotic activity may be present. Other changes
may be present, such as hemosiderin deposition,
calcification, fibrosis, and metaplastic bone can
be present.* Cytogenetic studies of CL revealed
three cases with a #(11;16)(q13,p12— 13), which
fuses the Cllorf95 and MKL2 genes %3¢ with
one case revealing a ring chromosome in a small
piece of metaphases.*” In addition, Panagopoulos
et al ** studied 12 cases of lipomas including one
case of osteochondrolipoma and revealed with a
novel #(12;18)(q14~15;q12~21).
Myolipoma

Myolipoma is composed of mature adipocytes
interlacing with smooth muscle cells. The latter is
formed by fascicles of spindle cells with brightly
eosinophilic voluminous cytoplasm and blunt-
ended nuclei (cigar-shaped nuclei). Very rarely,
bizarre multinucleated nuclei, spotted mast
cells or lymphocytic cell infiltrates and mitosis
may be present.* Stroma may be oedematous
or hyalinised. Varying small and thick-walled
vessels are noted. No definite necrosis has been
identified, despite infarction with hyaline change
being reported. Overall, the bland cytology is
usually seen, but degenerative nuclear atypia
may be found. Uncommon features such as
round cell morphology, eosinophilic infiltrates,
metaplastic  bone/cartilage  formation, and
hemosiderin deposition may be found.*

Cytogenetic studies of myolipoma showed
a karyotype with a single clonal chromosome
abnormality 46,XX,1(9,12)(p22;q14), which was
confirmed by FISH that revealed rearrangement
in HMGA?2 (in 12q14)."

Hibernoma
Histopathological studies of hibernoma revealed
an adipocytic tumour with benign features
containing uneven proportions of brown fat
cells (about 70%) and univacuolated white
cells.*>** The cells have multivacuolated,
eosinophilic granular cytoplasm with a small
central nucleus.**” Subtypes of hibernoma were
identified, including myxoid, typical, lipoma-
like, spindle cell, presence of mast cells, pure
brown fat cells as a sole finding, and presence
of thick bundles of collagen fibres. Insignificant
atypia, mitoses, and necrosis may be present.*
Cytogenetics of hibernoma revealed the
presence of deletions and translocations
affecting 11q13-21, at 1lgql3.1; the site of
MENI and AIP gene* In addition, UCPI
expression was marked.’® Two cases were
reported with t(9;11)(q34;q13).** The first
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one was identified in 2006 by Turaga et al.!
described a case of a hibernoma with a novel
reciprocal translocation between 9¢g and Ilg
that was valuable in finding the final diagnosis.
In 2017, another case was identified to have the
same translocation.*

Spindle cell / pleomorphic lipoma (SC/PL)
SC/PL 1is rare benign tumours accounting for
1.5% of all adipocytic tumours. Presently, it
is regarded as a structural variant of a solitary
neoplasm.” It affects the 5th to 8th decades
mainly in the subcutaneous tissue of the posterior
neck, shoulder, and back.’*% Histopathological
study reveals that the tumour is formed by mature
adipocytes, bland spindle cells (ovoid fusiform
nuclei, sometimes with nuclear groove and
indefinite bipolar cytoplasmic process), and rope-
like hyalinised collagen fibres.* In a pleomorphic
lipoma, floret cells and multinucleated giant cells
are present. The stubby and short spindle cells
may show palisading.”” Commonly, myxoid
stroma and interspersed mast cells are seen.
Many subtypes have been described: Fat poor
and fat free,”% Myxoid,*" Pseudo angiomatous
which reveals nodules of floating tumour on
dilated endothelial-lined vascular channels,®>%
and plexiform.* THC of the tumour shows
positivity for CD34, Vimentin, and nuclear loss
of RBI protein expression.®* In addition, the
tumour shows negativity for S100, Keratin,
which may show sporadic expression,®”” SOX10,
SMA, and Desmin in which sporadic expression
may be expressed).”® ER and STAT6 in 20 -
25%.%

The differential diagnosis of SC/PL includes
Fibro-lipoma: it is composed of lobules
of adipocytes separated by dense fibrous
connective tissue, and the consistency of
stubby and short cells of spindle cell lipoma is
absent. ALT/WDLS: it has a large tumour size,
a deeply seated and infiltrative growth pattern.
It is formed by atypical stromal cells. IHC and
cytogenetic studies reveal positivity towards
MDM?2 and CDK4, and MDM?2 amplification
by FISH. Pleomorphic liposarcoma: it has an
infiltrative border and is formed by pleomorphic
lipoblasts showing atypical mitoses with an
area of necrosis. Cytogenetic studies revealed
complex chromosome gains and losses. Myxoid
liposarcoma (ML): it usually occurs in younger
patients and is formed by small cells with signet
ring nuclei and a plexiform capillary network.
Cytogenetic study reveals FUS::DDIT3 gene
rearrangement. Low-grade myxofibrosarcoma:



It is more common in the extremities. It has a
different histological grade and varied cellularity.
The blood vessels are elongated and curvilinear.
Solitary fibrous tumour (especially fat-forming
/ lipomatous variant): it has marked staghorn
and haemangiopericytoma-like vessels. THC
and cytogenetic studies reveal positivity for
CD34/STAT6 and NAB2::STAT6 gene fusion.
Mammary type myofibroblastoma: It is formed
by short fascicles of monomorphic spindle cells
interspersed with thick, coarse collagen bundles.
it has a predilection site towards vulvovaginal
or inguinoscrotal areas. IHC and cytogenetic
studies reveal positivity for Desmin/CD34
and RBI (13q14) deletion/loss of nuclear RBI
expression. Cellular angiofibroma: it has a
predilection site towards the vulvovaginal or
inguinoscrotal region. Hyalinised vessels are
quite common. IHC and cytogenetic studies
reveal positivity for CD34 and RBI (13q14)
deletion/loss of nuclear Rb  expression.
Dermatofibrosarcoma  protuberans  (DFSP):
it has a marked storiform growth pattern and
infiltrative growth or honeycomb infiltration,
with an area of myxoid degeneration may be
present. THC and cytogenetic studies reveal
positivity for CD34 and COLIA1::PDGFB gene
fusion. Schwannoma: it has alternating areas
formed by hypercellular areas called Antoni A
with marked nuclear palisading and hypocellular
myxoid areas called Antoni B. The blood vessels
are hyalinised with thickened walls. The tumour
is S100 positive. Neurofibroma: it has comma-
shaped cells with wavy nuclei, with a variable
myxoid to collagenous background. It is CD34-
positive fibroblasts and S100-positive Schwann
cells.

Molecular /cytogenetics studies of SC/PL
reveal monosomy, incomplete chromosomal
loss, implying chromosomes /3 and /6, and an
Illustration of the loss of the RBI locus.'®™ In
2001, Domanski et al.’' performed cytogenetic
analysis for 7 cases of SC/PL and showed
a normal karyotype in two cases, while
the remaining five cases revealed clonal
chromosomal rearrangements. Those affected
cases revealed loss of 13q material, four patients
showed loss of the whole chromosome 13, and
one case revealed /3q/2—13 bands interstitial
deletion. In addition, they described a Karyogram
plot from subclone of one case as follow: #(4,6)
(q25;p23),46,X tas(Y;21)(p11,;p13), del(13)
(q12-13), der(11)t(11;13)(p15;q14).
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Lipoblastomas

Lipoblastoma is a benign myxoid tumour
arising in young children that typically proves
adipose differentiation. ~ Histopathological
studies revealed that the lipoblastomas consist
of a lobulated mass formed by sheets of
adipocytes containing a network of plexiform
vascular pattern in myxoid areas with primitive
mesenchymal cells.”> The central lobular zone
is filled by mature adipocytes,” while the
peripheral zone is filled by immature myxoid
cells. In between, fat cells with different stages
of maturation are present.” Fibro-lipomatous
alterations may be seen especially in late
resection, with no presence of lipoblasts.” Other
findings, such as extramedullary haematopoiesis,
chondroid metaplasia, floret cells, and chronic
inflammation, maybe present.”

In 2015, Warren et al.”® studied the difference
between lipoblastoma and primitive myxoid
mesenchymal tumour of infancy (PMMTI)
through studying a rapidly growing neck
tumour in a 3-month-old female and found a
similarity between lipoblastoma and PMMTI
histologically. However, cytogenetic studies
established PLAGI rearrangement, and the case
was diagnosed as lipoblastoma. In addition, they
put PMMTI in the differential diagnosis with
undifferentiated myxoid lipoblastomas.

Regarding cytogenic studies of lipoblastomas,
in 2000, Hibbard et al.”” studied four cases of
lipoblastoma and demonstrated that the COL1A42
gene and hyaluronic acid synthase 2 (HAS2)
promoter regions are fused to the PLAG! coding
sequence and confirmed that PLAG1 activation.

In 2001, Gisselsson et al.”® studied 16 cases
of lipoblastoma to determine the percentage of
PLAGI alterations and to evaluate the stages
of lipoblastoma differentiation against PLAG!
genomic alterations and revealed detection
of rearrangements of the 8ql2 PLAGI in 11
cases. Furthermore, they found that PLAGI
alterations were found in all mesenchymal cells
in lipoblastomas, such as mature adipocytes,
lipoblasts, fibroblast-like cells, and primitive
mesenchymal cells.

In 2013, Deen et al” reported
lipoblastoma which was initially diagnosed by
histopathological study and chromosomal study
revealed an unbalanced clonal translocation
t(8;14). Genomic microarray revealed the
breakpoints at 8ql2.1 and /4¢24.1, which
comprise the PLAGI and RADAS5SILI genes. In
addition, FISH confirmed PLAGI::RADS5ILI
fusion. These results advocate the role of
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RADSILI as a substitute partner gene for the
PLAGI in a lipoblastoma in cases of 8g/2
rearrangement.

In 2014, Choi et al® study the 8qlI-13
region that contains PLAGI and explained
two different pathways involving PLAGI: 1)
amplification by multiple copies of a small
piece originating from chromosome 8. 2)
alteration of the long arm of chromosome 8
resulted in paracentric inversion. Translocations
of 8q as well as splitting of the PLAG! probe
initiate the process of promoter swapping. Both
these anomalies resulted in aberrant PLAGI
expression. In 2014, Yoshida et al.®' stated that
the detection of PLAGI gene rearrangement is
useful for the diagnosis of lipoblastoma and found
three fusion partner genes in relation to PLAGI
including HAS2 at 8¢24.1, COL1A2 at 7q22, and
RADSILI at 14924. In addition, they described
two novel fusion genes in lipoblastoma through
investigation of six tumours to identify other
possible PLAGI fusion partners and displayed
two novel fusion genes: RAB2A4::PLAGI in
one case and COL3A41::PLAGI in three cases.
Furthermore, they found the high level of PLAG1
expression in lipoblastomas 70-150-fold higher
than other adipocytic tumours.

In 2018, Abdul-Ghafar et al.®* stated that
clonal rearrangements concerning region 8q 1/ >
q13 (8q12); the site of PLAGI is a characteristic
finding of lipoblastomas. In 2019, Zhou et
al ® studied 2 cases of lipoblastomas by FISH
analysis, which confirmed the presence of PLAG 1
rearrangement, and the 2 cases were diagnosed
as undifferentiated ML. In 2019, Wang et al.*
reported 3 cases of lipoblastomas demonstrating
novel genetic aberrations comprising PLAGI.
The first case revealed a high PLAGI
amplification to up to 50 copies. The second
case showed a partial PLAGI deletion with the
flanking connection breakpoints, including the
5’HAS2’ and 3’PLAGI. The third case revealed
an insertion of 2¢317 into 8q11.2 and 8¢ to 2q
translocation, and the whole newly translocated
form onto 12q, leading to parting of the PLAGI
FISH probe.

In 2019, Nitta et al.% described a new PLAGI
fusion partner gene; BOC::PLAGI, which
consists of the fusion of the 1st exon of the
BOC gene to either the 2nd or 3rd exon of the
PLAGI gene, and found that PLAGI expression
was 35.7 = 2.1 times higher in lipoblastoma than
in adipocytes. This translocation leads to an
activation of the promoter of BOC, leading to
PLAG1I overexpression.
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In 2020, Lopez-Nunez et al.® reported
rearrangements in 68% cases of lipoblastomas,
60% of cases had PLAGI, and 8% were of
HMGA?2. In addition, five novel fusion partners

were identified, such as DDX6:: PLAGI,
KLF10::PLAGI and KANSLIL:: PLAGI,
EP400::HMGA2, and FGD6::HMGA?2.

Furthermore, IHC revealed positivity in classic
and ML. In 2021, Warren et al.¥ studied 24
cases of lipoblastoma and divided them into
two groups according to presence or absence of
PLAGI rearrangement in addition to 10 lipomas
as control group with no features of lipoblastoma
histology or a PLAG! rearrangement. IHC
using PLAGI, they found that the sensitivity of
PLAGI THC was 94% and assumed that PLAG!
IHC is an inexpensive marker for detecting and
may be used as a potential marker to support the
diagnosis of lipoblastoma.

In 2021, Fritchie et al.”® studied 13 cases of
lipoblastomas, including five cases of fibroblastic
tumours and revealed PLAGI rearrangements in
13 tumours. RNA sequencing spotted eight fusion
PLAGI partners; two of which were already
identified, such as CHCHD?7 and COL3A41, and
six partners were novel (HNRNPC, SRSF3,
YWHAZ, PCMTDI, CTDSP2, and PPP2R24). In
2023, Panagopoulos et al.®® studied five lipomas,
one fibrolipoma, and one SC/PL and found that
all 7 tumours had rearrangements of chromosome
bands 8¢q//-13. FISH analyses revealed PLAGI
rearrangement. RNA sequencing noticed fusion
between SDCBP and PLAG! in a spindle cell
lipoma and fusion between HNRNPA2BI and
PLAGI in a lipoma. They settled that 8q/i-
13 aberrations/PLAGI-rearrangements — may
obviously be a crucial pathogenetic feature of
adipocytic neoplasms of various histological
types and not just lipoblastomas and advised
proposing “8q11-13/PLAGI-rearranged
lipomatous tumours” for those tumours that were
adopted for this category.

In 2024, Strnadova et al.® stated a case of an
adult patient who presented with a soft tissue
tumour that showed a PLAG1 fusion gene. They
spotted a new PLAG]1 fusion (H3-3B::PLAGI)
which initially diagnosed as nodular fasciitis.

Lipoblastoma-like tumour

Lipoblastoma-like tumour is a rare tumour that
arises in the vulvar region of young women.
It is a benign tumour; however, some reports
revealed local recurrences and extremely distant
metastases.” Histopathological study reveals a
well-circumscribed lobulated tumour. Cellular



pattern is composed of a combination of mature
adipocytes, lipoblasts and spindle cells settled
in abundant myxoid stroma encompassing
numerous thin-walled capillaries. The differential
diagnoses include ML, cellular angiofibroma,
and spindle cell lipoma.”® Mazzucchelli et al.*®
studied a case of lipoblastoma-like tumour in
a 28-year-old woman that originated in the
inguinal region. Histopathological examination
displayed myxoid stroma harboring groups
of cells containing mature adipocytes, many
univacuolated lipoblasts, and spindle cells with
fibrillary cytoplasm and numerous branching
thin-walled capillaries. IHC revealed positivity
for CD34 and negativity for MDM?2 and STAT6.
FISH was negative for DDIT3. FISH analysis
revealed no loss of RBI. Accordingly, the term of
lipoblastoma-like tumour” has been established.

Lipomatosis

Lipomatosis is a rare disorder of children that
occurs below 2 years or adults. It is associated
with  steroid therapy, obesity, Cushing’s
disease, and protease inhibitors for HIV. It has
resulted from translocation concerning high-
mobility-group protein isoform I-C gene set on
chromosome /2 and the lipoma preferred partner
gene set on chromosome 3.9%%

Myxoid liposarcoma (ML)
ML is amalignant tumour composed of signet ring
lipoblasts, primitive non lipogenic mesenchymal
cells, and prominent myxoid stroma with a
highly distinctive branching vascular pattern. It
accounts for about 5% of adult sarcomas. The
peak incidence of ML is in the fourth and fifth
decades, with no gender predilection.”® The
most common site for ML is in the proximal
thigh and tends to be a multifocal®® but rarely
in hand, and foot.”* Some ML have a significant
round cell component, which gives more chance
for metastasis, requiring long-term follow-up.”’
Low-grade tumours are less aggressive but have
a tendency for recurrence and can metastasize in
about 5 - 10% of cases. The prognosis is poor in
presence of CDKN2A and TP53 mutations.®1%
Histopathological examination of ML Low
grade: it is a paucicellular tumour composed of
monomorphic, fusiform, or stellate-shaped cells
without atypia. Prominent plexiform delicate
thin-walled curving and arborising capillaries
(chicken wire fencing). Many signet ring
lipoblasts, mostly at the periphery of lobules,
are seen, which gives the lipoblastoma-like
appearance. Mucoid matrix, or the so-called
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pulmonary oedema pattern, is present, which
is loaded by hyaluronic acid that may enlarge,
giving the appearance of mucoid pools, which
is detected by alcian blue. Metaplastic bone or
cartilage can rarely be seen without progressive
molecular change. Insignificant mitotic activity
may be present.'°!°” Histological Variants of ML
include several 10 variants for ML as follows:
traditional myxoid, traditional round cell, pseudo
acinar, lipoblast-rich, island, lipomatous, stromal
hyalinisation, cord-like, nested, chondroid
metaplasia, and hemangiopericytoma (HPC)-
like, island and nested patterns.'® High-grade
ML is a hypercellular tumour composed of solid
sheets of round cells or primitive morphology.
These cells are arranged in a back-to-back
pattern. This hypercellular pattern should
be more than 5% of the sample examined.
Immunohistochemistry of ML revealed positivity
for Vimentin, S100,'” DDIT3,"° SOX11,"" and
negativity for CD34, MDM2.

The differential diagnosis of ML includes
the following: WDLS: it can be myxoid and
focally identical to ML. It usually has some
degree of stromal atypia, but it lacks the chicken
wire plexiform vasculature. Cytogenetically,
it  has chromosome 12ql4amplification
involving the MDM2 gene and does not have
FUS rearrangement as seen in ML. In addition,
ML harbors more signet ring lipoblasts.
Extraskeletal myxoidchondrosarcoma (EMC):
it is composed of cords of epithelioid malignant
cells setina chondromyxoid matrix. Cytoplasmic
vacuoles are not present with less prominent
vasculature. Immunohistochemical staining is
not valuable because both lesions are positive
for S100. Cytogenetics can help detect #(9;22)
(q22;q12) for EMC in most cases that result
in an EWSRI::NR4A3 fusion. Furthermore,
due to the presentation of about 2% of
EWSRI rearrangements, FISH will give positivity
for EWSR1, which leads to some conflicts. In this
case, PCR can be helpful. If this case arises in
the lung, primary pulmonary myxoid sarcoma
should be put in the differential diagnosis.'?
Lipoblastoma /lipoblastomatosis: It can show a
similar histological description to that of ML, but
it usually develops in patients older than 5 years
old. Cytogenetic study revealed PLAGI gene
rearrangements rather than EWSRI or FUS
rearrangements. Lipoblastoma-like tumour of the
vulva: it is a special entity that occurs in the vulva
and cuts a significant histological similarity with
lipoblastoma and ML. It has Rb loss but does
not have PLAGI or FUS rearrangements.!''>!!
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DFSP: it is located mainly superficially. IHC and
cytogenetic testing show positivity for CD34, and
negativity for S100, in addition to translocations
1(17,22)(q22;q13) COL1AI::PDGFB. Myxoma:
Itispaucicellular, neitheraprominentvascularpart
nor lipoblasts are present and may be associated
with GNAS mutations.'> Myxofibrosarcoma:
It occurs in older adults, mainly superficial,
has an infiltrative growth pattern, without true
cytoplasmic fat vacuoles, has thicker curvilinear
blood vessels, frequent nuclear atypia, and
mitosis. Pleomorphic liposarcoma (PLS): It is a
separate entity that shares a resemblance in name.
It is a high-grade sarcoma with scattered atypical
lipoblasts, marked atypia. Characteristically,
it has a complex karyotype. Round cell
sarcomas (Ewing, and Ewing sarcoma family;
BCOR::CCNB3, CIC::DUX4). Various round
cell sarcomas that have resemblance to high-
grade ML. Low-grade areas and lipoblasts can be
specifically helpful. IHC and molecular studies
are diagnostic.

Molecular and cytogenetic study of ML
revealed that most cases have #(12;16)
(q13;p11.2) FUS::DDIT3 and very rarely
1(12;22)(q13;q12) EWSRI::DDIT3 in about
2-5%. DDIT3 (CHOP). An earlier study by
Mrézek et al.''s who performed a cytogenetic
study on ten adipocytic tumours, including one
case of myxoid liposarcoma which revealed
that ¢#(12,;16) was the only aberration in myxoid
liposarcoma. The latter revealed the breakpoints
were localized to bands /2¢13.3 and 16pl1.2.

Gibas et al.'” studied 9 cases of ML and found
a balanced translocation #(12;16)(q13;pll)
as the only abnormality in 4 cases. Two cases
displayed a connection with other abnormalities.
Three tumours proved variants of #(12,;16),
implying other chromosomes. A common factor
for all 9 cases studied, the /2¢13 breakpoint was
implicated in rearrangements.

Repeated these  molecular alterations
with  FUS::DDIT3, (12;16)(q13,;pl1.2) or
rarely ~ EWSRI::DDIT3,  t(12;22)(q13;q12)
rearrangements are reported in a group of
diseases comprising high-grade lesions, these
high-grade lesions such as round cell liposarcoma
tend to present with a first metastasis to another
soft tissue or bony site or another soft tissue.''
Knight et al''” found that #12;16)(q13,;pll)
is interpreted as a diagnostic marker for ML.
They studied four combined myxoid and round
cell, six round cell, and three ML for cytogenic
analysis and revealed translocation ¢(12;16)
(q13;p11) in three round cell lesions, the CHOP
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(later, DDIT3) gene in /2¢q13 was rearranged and
fused to the 7LS gene in area [6pll resulting
in TLS::CHOP RNA transcript that was detected
by PCR. In 2022, Tirado et al.'*® revealed that the
rearrangement of EWSR1::DDIT3 resulted in the
formation of #(712,22)(q13,;q12), which is a rare
cytogenetic pathway of the development of round
cell liposarcoma. However, most ML is linked
to #(12;16)(q13,;p1l), resulting in FUS::CHOP
and the resulted oncoprotein interim as aberrant
transcription factors. All abbreviations are listed
in Table 1, and all fusion partners are summarised
in Table 2

Discussion and Conclusion

Cytogenetics of Lipoma revealed that HMGA2
gene or chromosome bands /2q/3-q15, and
overexpression of HMGA2 in most tumour
cells is the initial finding. In addition, #9,12)
(q33,q14) is a recurring cytogenetic aberration
and engenders an HMGA2::GSN chimera.
Translocation involving  #3;12)(q28,q14.3)
is the most common translocation followed
by #(1,12)(p32;q14) in subset of lipomas
with detection of overexpression of HMGA2
mRNA and protein in all #1;12)(p32;q14)
lipomas. Furthermore, three-way translocation
t(1;4,12)(q21,;q27~28;q14~15)  have  been
reported. In paediatric lipoma, two reports
revealed translocations; the first one revealed
a translocation involving #(8,;13)(q21;q22) and
HMGA2::NFIB gene fusion, and in the second
report, the translocation #(9;12)(p22;q14) has
been identified. Cytogenetics of angiolipoma
revealed the presence of one tumour to have
t(X;2)(p22;p12). Chondroid lipoma revealed
translocations involving #(11,16)(q13,;p12— 13).
Myolipoma revealed translocation involving
46,XX,1(9;12)(p22,q14). Hibernoma displayed
deletions and translocations affecting //q/3-
21, at 11ql3.1; the site of MENI and AIP
gene, as well as #(9;11)(q34,q13). Spindle cell/
pleomorphic lipoma showed #(4,6)(q25,p23),
46,X,tas(Y,21)(pl1;pl3), del(13)(q12-13),
der(11)t(11;13)(p15;q14). Lipoblastomas
revealed the importance of PLAGI, which is a
fundamental oncogenic event in lipoblastoma,
and its overexpression is a diagnostic tool marker
of lipoblastoma. In addition, other partners
may be fused, such as the collagen 1 alpha 2
(COL1A2) gene and hyaluronic acid synthase 2
(HAS2). Other rearrangement including clonal
t(8;14), PLAGI::RADS5SILI, HAS2::PLAGI
and  COLIA2::PLAGI, RAB2A::PLAGI,
COL3A1::PLAGI, PCMTDI::PLAGI,
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SRSF3::PLAGI, HNRNPC::PLAGI, FUS::DDIT3 is very common, while #(12;22)
YWHAZ::PLAGI, CTDSP2::PLAGI1 and  (ql3;q12) EWSRI::DDIT3 (DDIT3  was
PPP2R24, BOC::PLAGI, DDX6:: PLAGI, previously known as CHOP) is very rare.
KLF10::PLAGI and KANSLIL:: PLAGI, Recently, #(12;22)(q13,;q12) has been described.
EP400::HMGA?2 and FGD6::HMGA?2,

SDCBP::PLAGI, HNRNPA2BI::PLAGI. Conflict of interest

Cytogenetics of ML revealed that the incidence  No conflict of interest to declare

of  translocation is  #(12;16)(ql3,;pll.2)

Table 1: List of abbreviations

Abbreviation Description

ABL Abelson (4Abl) tyrosine kinase gene

BCR break point cluster gene

EML Echinoderm microtubule-associated like 4

ALK Anaplastic lymphoma kinase

Rb retinoblastoma protein

HMGA?2 High Mobility Group AT-hook 2

MDM?2 Murine Double Minute 2

CDK4 Cyclin-Dependent Kinase 4

Pl pl6INK4a tumour suppressor protein, or CDKN2A, and multiple tumour
suppressor 1 (MTS1)

CD34 Cluster of Differentiation 34

IHC Immunohistochemistry

FISH Fluorescence in situ hybridisation

High Mobility Group AT-Hook 2,” and the “mRNA " refers to the messenger RNA

HMGA2 mRNA transcript for this gene
HMGA2 High-mobility Group AT-hook 2 gene
GSN Gelsolin (GSN) gene
HMGA?2 High Mobility Group AT-hook 2 gene and the
NFIB Nuclear Factor I/B (NFIB) gene
S100 100% saturated ammonium sulphate
ERG ETS-related Gene
CD31 Cluster of Differentiation 31
CDo61 Cluster of Differentiation 61
SMA smooth muscle actin
MARTI Melanoma-associated antigen recognised by T cells
HHVS Human herpesvirus-8
PRKD?2 Protein Kinase D2
PIK3CA Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha
Cllorf95 Chromosome 11 open reading frame 95
MKL2 Mpyocardin-like protein 2 or myocardin-related transcription factor B (MRTFB)
MENI Multiple Endocrine Neoplasia, type 1
AIP Aryl Hydrocarbon Receptor-Interacting Protein
UCPI Uncoupling Protein 1
SOX10 SRY (sex determining region Y)-box 10
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Abbreviation Description

ER Oestrogen receptor

STAT6 Signal Transducer and Activator of Transcription 6

FUS Fused In Sarcoma

DDIT3 DNA damage-inducible transcript 3

NAB2 NGFI-A binding protein 2 and

STAT6 Signal transducer and activator of transcription 6
COL1A1-PDGFB  Collagen type I alpha 1 and platelet-derived growth factor beta
HAS?2 hyaluronic acid synthase 2

PLAGI Pleomorphic adenoma gene 1

RADASILI DNA repair protein RADS51 homolog 2

RAB2A4 Ras-related protein Rab-24

RADSIB RADS51 paralog B

BOC Brother of CDO, or cell adhesion associated, oncogene regulated
RAB2A4 Ras-related protein Rab-24

PCMTDI Protein-L-isoaspartate (D-aspartate) O-methyltransferase domain containing 1
SRSF3 Serine And Arginine-Rich Splicing Factor 3

HNRNPC Heterogeneous nuclear ribonucleoprotein C

YWHAZ tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein zeta
CTDSP2 CTD small phosphatase 2

PPP2R2A4 Protein phosphatase 2, regulatory subunit B, alpha

DDX6 DEAD-box helicase 6

KLF10 Kriippel-like factor 10

KANSLIL KATS Regulatory NSL Complex Subunit 1 Like

EP400 E1A4 Binding Protein P400

FGD6 FYVE, RhoGEF and PH domain-containing 6

SDCBP syndecan binding protein

HNRNPA2B1 heterogeneous nuclear ribonucleoprotein A2/B1

H3-3B H3 histone family member 3B

TP53 Tumour protein p53

CDKN24 Cyclin-Dependent Kinase Inhibitor 24

EWSRI Ewing sarcoma breakpoint region 1

PDGFB Platelet-derived growth factor beta

GNAS Guanine Nucleotide Binding Protein, Alpha Stimulating.
BCOR::CCNB3 BCL6 corepressor and Cyclin B3

CIC::DUX4 Capicua and Double homeobox protein 4

CHOP C/EBP Homologous Protein

TLS Tertiary Lymphoid Structures

LPP lipoma preferred partner gene
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Table 2: Table summarises the cytogenetic studies of adipocytic tumours in the current work

Subtypes Rearrangement or Translocation References
Lipoma 2007 HMGA2(12q13-q15) Sirvent et al."®
2019  ¢(Y-12). Liang et al."
2013 #3;12)(q28;q14.3), t(1,12)(p32;q14) Bianchini et al."®
2016  «4,12)(q27~28;q14~15) Agostini et al.?”
(1;4,12)(q21;q27~28;q14~15).
2021 #(9;12)(q33;914) Panagopoulos ef al.*!
2022 HMGAI(6p21) Vargas et al.'®
2023 HNRNPA2BI and PLAGI Panagopoulos et al.®
Paediatric lipoma 2011  #8;13)(q21;q22) Jin et al.?
2017  #(9;12)(p22;q14) HMGA2::NFIB Lacaria et al.®
Angiolipoma 1994  ¢(X;:2)(p22;p12) Mandahl ez al.*
2018 43 XX1(13;22;17) (q12;q13; g22~23) Panagopoulos et al.’'
Chondroid lipoma 2013 #(11;16)(q13;p12—13) Flucke et al.*®
2015 ¢(12;18)(q14~15;q12~21). Panagopoulos et al.*®
Myolipoma 2016 46, XX1(9;12)(p22;q14), Panagopoulos et al.*!
2017  #(9;11)(q34,q13) [43 Shackelford et al.#
2006 reciprocal t (9q -11q) Turaga et al.!
Hibernoma 2010 1igqi3-21,atllql3.1 Nord et al.®
2017  reciprocal t (9q -11q) Fukushima et al.*
Spindle cell / 2001  #(4,6)(q25,p23),46, X tas(Y;21)(pl1;p13) Domanski et al.”!
pleomorphic lipoma >3 ¢/, cpp and PLAGI fusion Panagopoulos et al.®
Lipoblastoma 2000 COLIA2::PLAGI, HUS2::PLAGI Hibbard et al.”
2001 Rearrangements of the 8q12 PLAGI Gisselsson et al.”
2013 unbalanced clonal #(8;14). PLAG1::RAD5ILI Deen et al.”
2014  Amplification of PLAGI, alteration of the q8 Choi et al ¥
2014  PLAGI with HAS2 at 8g24.1, COLIA2 at 7¢22, ~ Yoshida et al.*!
and RADSILI at 14924
New fusions: RAB2A::PLAG1, COL3A41::PLAGI
2018  8qll > ql3 (8¢q12) clonal rearrangements Abdul-Ghafar et al.®*
2019  Presence of PLAGI rearrangement Zhou et al
2019  2¢31 into 8¢q11.2 and 8q to 2q translocation. Wang et al *
Amplification (50 copies), partial PLAG1
deletion
2019  BOC::PLAGI Nitta et al.®
2020 DDXG6:: PLAGI, KLF10::PLAGI and Lopez-Nunez et al.®
KANSLIL:: PLAGI, EP400::HMGA2, and
FGD6::HMGA?2.
2021 PLAGI IHC high sensitivity Warren et al.¥’
2021  New six PLAG! Partners: HNRNPC, SRSF3, Fritchie et al.”?
YWHAZ, PCMTD1, CTDSP2, and PPP2R2A4,
and two old partners;, CHCHD7 and COL3A41
2023  rearrangements of chromosome bands 8q7/-13 Panagopoulos et al.®
2024 PLAGI fusion (H3-3B::PLAGI) Strnadova et al.¥
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Table 2: (continued)
Subtypes Rearrangement or Translocation References
Lipomatosis 2012, HMGA2::LPP; 1(3;12)(q27;q14-q15) Singh C*!
2025 Rosmaninho et al.?
Myxoid 1993 #(12;16) breakpoint at bands 12¢q13.3 and Mroézek et al.'®
liposarcoma l6pll.2
1995 #(12;16)(q13;pll) Gibas et al.'®
1995 #(12;16)(q13;pll) Knight et al.'
2022  EWSRI::DDIT3 t(12,22)(q13;q12) Tirado et al."®
2025 FUS::DDIT3, t(12;16)(q13;p11.2) or rarely Potterveld and
EWSRI::DDIT3, t(12;22)(q13,;912) Clay!¢
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