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Sensitivity of MDM2 amplification and
unexpected multiple faint alphoid 12
(alpha 12 satellite sequences) signals
in atypical lipomatous tumor
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This study assessed whether analysis of IDM2 copy number by fluorescence in situ hybridization (FISH) would
help distinguish lipomas from atypical lipomatous tumors, otherwise referred to as well-differentiated liposarcomas,
using a commercially available MDM2 FISH kit. 227 lipomatous and 201 non-lipomatous tumors were analyzed
to assess its sensitivity and specificity. Of 178 mature lipomatous tumors, 86 were classified histologically as
lipoma and 92 as atypical lipomatous tumor. Two of the lipomas harboring MDM2 amplification were
reclassified as atypical lipomatous tumors. Overall, 13 atypical lipomatous tumors did not reveal MDM2 or CDK4
amplification, although this was reduced to 12 following analysis of multiple slides. Three of these cases
revealed very occasional tumor cells harboring high-level MDM2 amplification, two had a dedifferentiated
component, and MDM2 amplification was detected when one tumor recurred. The remaining six cases exhibited
reactive/inflammatory features and were reclassified as lipomas. The findings indicate that MDM2 amplification
is 93.5% sensitive for diagnosing atypical lipomatous tumor. A total of 2 of the 20 dedifferentiated liposarcomas
failed to reveal MDM2 amplification. All atypical lipomatous tumors measured >10cm, two dedifferentiated
liposarcoma presented de novo at <10cm, and ~50% of lipomas measured >10cm. Spindle cell lipomas,
lipoblastomas, hibernomas and pleomorphic liposarcomas did not reveal MDM2 amplification. Of 201 non-
lipomatous tumors, eight revealed MDM2 amplification or multiple faint alphoid 12 signals and were reclassified
as dedifferentiated liposarcoma. Multiple faint alphoid 12 signals were observed in nine tumors from seven
patients, an observation not previously reported on paraffin sections: these included four atypical lipomatous
tumors, and three dedifferentiated liposarcomas, one previously diagnosed as a myxofibrosarcoma, all of
which also revealed amplification of CDK4, although two lacked MMDM2 amplification. MDM2 FISH test is a useful
adjunct to histology for distinguishing lipoma from atypical lipomatous tumor. The limitations of molecular
genetic tests must be known before introducing them into a clinical service.
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The most common lipomatous neoplasms are the
well-differentiated group including lipomas and
atypical lipomatous tumors, the latter otherwise
referred to as well-differentiated liposarcomas.
These amount to approximately 20% of all soft-
tissue sarcomas." Although lipomas are generally
considered to be easily distinguished from atypical
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lipomatous tumors by morphology, on the basis
that the latter contain unequivocal atypical hyper-
chromatic nuclei often associated with bands
of fibrosis, in some cases the differences may be
subtle.?

A number of studies have shown that there is a
strong correlation between the presence of super-
numerary ring or giant marker chromosomes, de-
rived from chromosome 12q13-15 where MDM2,
CDK4, SAS, HMGIC and other genes are located,
and the morphological features of atypical lipoma-
tous tumors and dedifferentiated liposarcomas.
These genetic abnormalities, originally reported
using cytogenetics,®>* and subsequently by reverse
transcription polymerase chain reaction,”” fluores-
cence in situ hybridization (FISH),*'° and later with
antibodies to MDM2 and CDK4,%® demonstrated that
MDM2 amplification occurs consistently in atypical
lipomatous tumor in which CDK4 is also frequently
amplified. In contrast, other genes in the chromoso-
mal region 12q13-15 are less commonly associated
with copy number gain'*"* and in a small number of
cases CDK4 amplification has been reported in the
absence of MDM2 copy number gain.®'®** It is also
reported that the supernumerary ring or giant marker
chromosomes present in atypical lipomatous tumors
rarely contain alpha 12 satellite sequences (alphoid
12), which represent the repeated DNA sequences
that compose part of the centromere 12.4*°

The recent availability of the commercial MDM2
fluorescent probe made us consider the value of
using the presence of MDMZ2 amplification as an
ancillary diagnostic tool for distinguishing lipomas
from ALT in our clinical service. Furthermore, the
presence of MDM2 amplification may be valuable for
stratifying patients for treatment in the future as
targeted therapy against MDM2 is already being
developed.”'® We report here on the correlation
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between histological diagnoses and MDM2 amplifi-
cation in a large series of mature lipomatous tumors.
Other soft-tissue tumors were also examined for
MDM2 amplification for the purpose of assessing the
specificity and sensitivity of MDM2 amplification as
a diagnostic test.

Materials and Methods

A total of 443 tumors were selected between 2003
and 2008 by searching the diagnostic codes of the
electronic files of the histopathology department of
the Royal National Orthopaedic Hospital where the
World Health Organization classification of tumors
is used.' This figure included 227 lipomatous
tumors comprising lipoma, atypical lipomatous
tumor, hibernoma, lipoblastoma, spindle cell and
pleomorphic lipoma, dedifferentiated liposarcoma
and pleomorphic liposarcoma (Table 1). Myxoid
liposarcomas with the characteristic gene rearrange-
ments, and lipomas <5 cm were not included in the
study. Analysis of 201 non-lipomatous tumors was
also included in the study (Table 2). The slides of
these cases were reviewed by four histopathologists
(TK, DD, RT, AMF) who were unaware of the
previous diagnoses, and the site and size of the
tumor, or if a tumor was recurrent, and a diagnostic
consensus was reached. In all, 178 tumors diag-
nosed as either lipoma or atypical lipomatous
tumors were diagnosed from 170 individuals, with
a second (recurrent) tumor available from 8 patients.
Overall, 150 of this tumor group (including primary
and recurrent tumors) arose peripherally, and an
additional 28 were sited in the abdominal or
retroperitoneum. The study complies with the
standards set out by the national research ethics
committee (reference number 07/Q0506/8).

Table 1 MDM2 amplification status by FISH in lipomatous tumors (n=227)

Histological diagnosis MDM2 CEN12 FISH Interpretation
amplification abnormality

Lipoma (>5cm, n=286) 2/86 0/86 MDM2 amplification (2%)
Atypical lipomatous tumor (n=92) 79/92 MDM?2 amplification (86%)

8/92* Multiple faint alphoid 12 signals (9%)

1/92 Copy number gain of CEN12 (1%)
Dedifferentiated component of liposarcoma 18/20° MDM?2 amplification (90%)
(n=20)" 2/20° Multiple faint alphoid 12 signals (10%)

1/20 Copy number gain of CEN12 (5%)
Spindle cell lipoma (n=15) 0/15 0/15 Normal copy number for MDM2 and CEN12
Lipoblastoma (n=5) 0/5 0/5 Normal copy number for MDM2 and CEN12
Hibernoma (n=13) 0/13 0/13 Normal copy number for MDM2 and CEN12
Pleomorphic liposarcoma (n=10) 0/10 1/10 Copy number gain of CEN 12 (10%)

CEN12, centromere 12.

#0ne tumor revealed multiple faint alphoid 12 signals without harboring MDM2 amplification (1%).

PIncluding six cases of which the well-differentiated component was unavailable for analysis; one was an intraabdominal or retroperitoneal

tumor).

“One tumor revealed multiple faint alphoid 12 signals without harboring MDM2 amplificaiton (5%).
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Fluorescence In Situ Hybridization

FISH using the ZytoLight SPEC MDM2/CEN12 Dual
Color Probe kit (ZytoVision GmbH, Bremerhaven,
Germany) was performed on a full tissue section,
considered to be representative, of mature lipoma-
tous tumors (lipomas and atypical lipomatous
tumor), and on duplicate cores (1.0mm) of non-
lipomatous tumors. The tissue microarrays were
made using a manual arrayer (Beecher Instrument,
Sun Prairie, WI, USA). If the tumors were non-
informative, the result was equivocal, and when
alphoid signals were suspected, a full tissue section
was analyzed.

The probe cocktail decorates the human chromo-
somal region MDM2 with a green signal, and the
alpha satellite centromeric region of chromosome 12
(D12Z3 sequences) with a red signal. The centro-
mere of chromosome 12 (centromere 12) is detected
as a strong, intense red signal, whereas integrated
alpha satellite 12 sequences (alphoid 12 signals)
located at ring or marker chromosome are detected
as faint signals compared with that of centromere
12." Confirmation of the alpha satellite 12 se-
quences was achieved by performing FISH using
a Spectrum Green-labeled D12Z3 probe (Abbott

Molecular, Des Plaines, IL, USA). CDK4 amplifica-
tion was examined using the Poseidon CDK4 (2q13)
& SE 12 probe kit (Kreatech, Amsterdam, The
Netherlands), which contains CDK4 and D12Z3
probes. All FISH was performed according to the
manufacturer’s protocol.

Evaluation of the sampled tissue sections was
carried out using fluorescence microscopy on an
Olympus BX-50 microscope or on a Mirax viewer
(3DHISTECH, Budapest, Hungary) following digiti-
zation of the slides using the Zeiss Mirax scanner.
The signal number for MDM2 or CDK4, and
centromere 12 was scored by counting a minimum
of 50 non-overlapping nuclei per case, and the
average number of MDM2 and centromere 12
signals, and CDK4 and centromere 12 signals, was
then calculated. A ratio of >2.0 was considered to
represent amplification (amplification-positive), a
ratio of 2 was considered to be non-amplified
(amplification-negative).  Regardless of the
MDM2:centromere 12 or CDK4:centromere 12 ratio,
an average of 3 or more signals for centromere 12
was considered to represent copy number gain
(referred by others previously as aneusomy or
polysomy).® All FISH was reviewed by at least two
individuals experienced in interpreting FISH.

Table 2 MDM2 amplification status by FISH in soft-tissue tumors other than lipomatous tumors (n=201)

Histological diagnosis MDM2 CEN12 FISH  Interpretation
amplification abnormality

SFT/HPC/LP-HPC (n=17) 0/17 0/17 Normal copy number for MDM2 and CEN12
Sarcoma showing myofibroblastic 0/21 0/21 Normal copy number for MDM2 and CEN12
differentiation (n=21)*
Spindle cell sarcoma, NOS (n=11) 3/11 0/11 MDM2 amplification (27%)
Pleomorphic sarcoma (n=15) 0/15 1/15 Copy number gain of CEN12 (7%)
Leiomyosarcoma (n=40) 0/40 1/40 Copy number gain of CEN12 (3%)
Soft-tissue osteosarcoma (n=10) 2/10 MDM2 amplification (20%)

8/10 Copy number gain of CEN12 (80%)
Myxofibrosarcoma (n=43) 2/43 MDM2 ampflication (5%)

1/43° Multiple faint alphoid signals (2%)

6/43 Copy number gain of CEN12 (14%)
Epithelioid sarcoma (n=7) 0/7 0/7 Normal copy number for MDM2 and CEN12
Epithelioid angiosarcoma (n=2) 0/2 0/2 Normal copy number for MDM2 and CEN12
PNET/Ewing sarcoma (n=4) 0/4 0/4 Normal copy number for MDM2 and CEN12
MPNST (n=31) 0/31 0/31 Normal copy number for MDM2 and CEN12

CEN12, centromere 12; LP-HPC, lipomatous hemangiopericytoma; NOS, not otherwise specified; PNET, peripheral neuroectodermal tumor;

SFT, solitary fibrous tumor.

#Spindle cell sarcoma or pleomorphic sarcoma, immunoreative for smooth muscle actin, but not otherwise specified.

One tumor revealed multiple faint alphoid 12 signals without harboring MDM2 amplification (2%).

>

Figure 1 H&E and FISH of mature lipomatous tumors (lipoma and atypical lipomatous tumor) and high-grade liposarcomas. (a) A lipoma
with typical features without MDM2 amplification. (b) H&E of a mature lipomatous tumor with low-grade atypia reclassified to atypical
lipomatous tumor from lipoma on the basis of MDM2 amplification (FISH not shown). (c) An atypical lipomatous tumor with
unequivocal atypia and MDM2 amplification. (d) H&E of an atypical lipomatous tumor with unequivocal atypia and with only scattered
cells harboring high MDM2 copy number (FISH not shown). (e) High-grade component of a dedifferentiated liposarcoma
(dedifferentiated liposarcoma) showing multiple tumor cells harboring high-level MDM2 amplification. (f) MDM2 amplification and
multiple faint alphoid 12 signals in a tumor with unequivocal atypia. (g) FISH revealing multiple faint alphoid 12 signals, but no MDM2
amplification in the well-differentiated component of a dedifferentiated liposarcoma in which MDM2 was not detected (a, ¢ in Table 1).
(h) Pleomorphic liposarcoma with copy number gain of both centromere 12 and MDM2. Arrow and arrowhead indicate the strong bright
signals of centromere 12 and multiple faint alphoid 12 signals, respectively. Bar, 50 um (a—d) and 100 ym (g, h).
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Immunohistochemistry

Immunohistochemistry was performed for CDK4
expression using a monoclonal antibody (clone DCS-
31, Biosource International, Camarillo, CA, USA).®

Statistical Analysis

Unpaired t-test was used to correlate tumor size and
MDM?2 amplification status. Every analysis was two-
sided and was performed using Prism version 4 for
Macintosh (GraphPad Software, San Diego, CA,
USA). P<0.05 was considered significant.

Results
MDM?2 FISH on Lipomatous Neoplasms

Tables 1 and 2 provide summarized data generated
from FISH analysis performed using the MDM2
and centromere 12 probe on a total of 428 tumors
(227 lipomatous and 201 non-lipomatous). Six cases
(1% of 434) were considered to be non-informative
because of the absence of fluorescent signals and
were omitted from the study. Of the 86 tumors
classified histologically as lipomas, 84 (98%) con-
tained the normal two copies of MDM2 (Figure 1a).
MDM?2 amplification was identified in the two
remaining cases (2.3% of 86). On histological review
the pathologists agreed that these tumors revealed
low-grade nuclear atypia, and they were reclassified
as atypical lipomatous tumors (Figure 1b).

A total of 79 of 92 (86%) tumors classified
histologically as atypical lipomatous tumors, revealed
MDM?2 amplification (Figure 1c, Table 1) as assessed
using the strict definition of amplification described
above. Seven of the MDM?2 amplification-positive
atypical lipomatous tumors (9% of 79) had low-level
copy number (defined as tumors harboring on average
number >10 MDM?2 signals per nucleus),"® and these
cases were indistinguishable morphologically from
atypical lipomatous tumors with high copy number.

Dedifferentiated Liposarcomas (n=20)

Of the 92 atypical lipomatous tumors diagnosed on
morphology alone, 14 (15%) had a dedifferentiated
component and all but one, which occurred in the
shoulder, arose de novo. The mature component of
these 14 cases showed unequivocal nuclear atypia,
thereby providing no difficulty for the pathologists
reaching a consensus diagnosis of atypical lipomatous
tumor. Six additional dedifferentiated liposarcomas,
including one intra-abdominal or retroperitoneal
tumor, of which the well-differentiated component
was not available, were also analyzed by FISH. In total,
the dedifferentiated component of 18 of 20 dediffer-
entiated liposarcomas showed MDM?2 amplification
(Figure 1e and Table 1). The well-differentiated
components of the two MDM2 amplification-negative
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dedifferentiated liposarcomas were also negative for
MDM?2 amplification. The average signal ratio of
MDM2:centromere 12 in the dedifferentiated liposar-
comas was 1.77 fold greater (range 1.01 to 3.72) than in
the corresponding well-differentiated component.

Correlation of MDM2 Copy Number Status in Primary
and Recurrent Lipoma, Atypical Lipomatous Tumors

Of 20 recurrent tumors in the lipoma-atypical
lipomatous tumor group (2 lipomas: thigh, buttock;
18 atypical lipomatous tumors diagnosed microsco-
pically), there were 8 where both the primary and
recurrent tumors were available for analysis, one of
which involved the retroperitoneum and abdomen.
The two lipomas (MDM2 amplification-negative)
and five atypical lipomatous tumors (MDM2 ampli-
fication-positive) showed the same MDM?2 amplifi-
cation status in the primary and recurrent disease.
One atypical lipomatous tumor, sited in the thigh
and negative for MDM2 amplification in the primary
neoplasm, revealed MDM2 amplification in the
recurrent tumor.
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Figure 2 Correlation of the size of mature lipomatous tumors
(lipoma and atypical lipomatous tumor) and dedifferentiated
liposarcoma with MDM2 amplification status (n=150). A total of
90 MDM2 amplification-negative tumors included: A, dediffer-
entiated liposarcoma (n=1); M, dedifferentiated liposarcoma
with multiple faint alphoid 12 signals (n=1); @, atypical
lipomatous tumor in which multiple copies of MDM2 was only
detected after multiple slides were analyzed (n=1); O, cases
diagnosed as atypical lipomatous tumor without MDM2 amplifi-
cation and were reclassified as lipoma (n=7). X, tumors with
only scattered cells exhibiting multiple copies of MDM2 with only
2-3 copies of centromere 12 (n=3). A total of 60 MDM2
amplification-positive tumors included A, dedifferentiated lipo-
sarcoma (n=14); M, dedifferentiated liposarcoma with multiple
faint alphoid 12 signals (n=1); O, atypical lipomatous tumor
with multiple faint alphoid 12 signals (n=5). Of the 178 lipomas
and atypical lipomatous tumor, 20 recurrent neoplasms and 8
retroperitoneal/abdominal tumors were omitted from this figure.
The broken line depicts the average tumor dimension (SD).
Numbers illustrate range in mm. P<0.001, all MDM2 amplifica-
tion-negative cases vs all MDM2 amplification-positive case,
using unpaired t-test.



Correlation of MDM2 Copy Number and Size of
Lipoma, Atypical Lipomatous Tumor and
Dedifferentiated Liposarcoma

Figure 2 shows the maximum dimensions of the
primary peripherally sited lipoma-atypical lipoma-
tous tumors (n=150) (intra-abdominal and retro-
peritoneal tumors were excluded). Of note is that all
but 2 of the 60 MDM2 amplification-positive tumors
were >10cm; these 2 were intramuscular dediffer-
entiated liposarcoma (4cm and 4.5cm) and both
occurred in the shoulder area. The two lipomas,
which were reclassified as atypical lipomatous
tumor on the basis of the MDM2 amplification, were
>20cm.

Out of 90, 43 (48%) MDM2 amplification-negative
peripherally sited tumors were >10cm. The size of
the 13 MDM2 amplification-negative lipomatous tu-
mors originally classified as atypical lipomatous tumor
ranged from 5.5 to 22 cm (Figure 2). The two recurrent
lipomas (MDM amplification-negative in primary and
recurrent lesions) first presented as 19 and 5.5 cm, and
later recurred as 12 and 22 cm, respectively.

Atypical Lipomatous Tumor and Dedifferentiated
Liposarcoma with Multiple Faint Alphoid 12 Signals

An unexpected finding was the presence of aggre-
gates of multiple faint alphoid 12 signals in eight
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MDM?2 amplification-positive atypical lipomatous
tumors from six patients. Two of these had recurrent
disease and in both, multiple faint alphoid 12
signals were present in the primary and recurrent
tumors (Figure 1f, Table 3, cases 1, 4). In addition,
multiple faint alphoid 12 signals were detected in
both components of two dedifferentiated liposarco-
mas. One of the dedifferentiated liposarcomas was
MDM?2 amplification-positive and the other MDM2
amplification-negative (Figure 3, Table 3, case 5
and 6, respectively). These multiple faint alphoid 12
signals, which were shown to represent multiple
copies of D12Z3 sequences, could be distinguished
from centromere 12 signals by the signal intensity of
the latter (Figures 1f, g and 3).*°

In an attempt to explain the presence of the multiple
faint alphoid signals, FISH and immunohistochemis-
try for CDK4 were performed on those cases with this
finding. CDK4 amplification was identified in six of
the eight tumors from six individuals: FISH in the
remaining two cases were uninformative (Table 3,
case 1 and 2). Six of the cases were also immunor-
eactive for CDK4, and the remaining two samples
from one individual were uninformative (Table 3,
case 1). Two of the eight cases were dedifferentiated
liposarcomas, one with (Table 3, case 5, Figure 3a—f)
and one without MDM2 amplification (Table 3,
case 6, Figure 3g—1) both of which revealed CDK4
amplification and protein expression. The CDK4

Table 3 Clinicopathological summary of tumors harboring multiple faint alphoid 12 signals (n=19)

Diagnosis Age/sex Site Size (cm) CEN12 FISH MDM?2 FISH CDK4 FISH CDK4 IHC
multiple faint  amplification — amplification
alphoid 12 signals
Case 1
Primary tumor, Atypical lipomatous 44/M Thigh 23x16 x7 Yes Yes Not adequate® Negative
tumor
recurrent 50% 9x7x5 Yes Yes Yes Negative
Case 2
Primary tumor Atypical lipomatous 43/F Thigh 15X 10 x 5 Yes Yes Not adequate® Weakly
tumor positive
Case 3
Primary tumor Atypical lipomatous 72/M Thigh 17 x9x 4 Yes Yes Yes Positive
tumor
Case 4
Primary tumor, Atypical lipomatous 61/F Intra- 20 x 12 x 10 Yes Yes Yes Positive
tumor abdominal
recurrent 77% Yes Yes Yes Positive
Case 5
Primary tumor Dedifferentiated 48/F Shoulder 4 Yes Yes Yes Positive
liposarcoma
Case 6
Primary tumor Dedifferentiated 74/F Thigh 16x8x7 Yes No Yes Positive
liposarcoma
Case 7
Primary tumor MFS G1 63/F Thigh 4 Yes No Yes Weakly
positive

CEN12, Centromere 12; MFS G1, myxofibrosarcoma, grade 1.
The age of recurrence.
PNot adequate: no CDK4 signal was detected in repeated FISH tests.
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amplification and immunoreactivity were seen in
both the well-differentiated, and dedifferentiated
components of these two tumors (Figure 3j and k).
It was noteworthy that the average signal ratio of
CDK4:centromere 12 in the 2 dedifferentiated lipo-
sarcomas was 2.28 and 1.73 fold greater, and that the
multiple faint alphoid 12 signals in the same tumors
were 2.46 and 1.63 fold greater in the dedifferentiated
liposarcoma components than in their respective
well differentiated component parts (Table 3, case 5
and 6, respectively). This difference in signal ratio
was similar to that observed in that of MDM2:cen-
tromere 12 in the dedifferentiated liposarcoma with
MDM?2 amplification (2.47 fold, Table 3, case 5).

Correlation of Clinicopathological Findings in
Atypical Lipomatous Tumors Without MDM?2
Amplification (n=13)

By applying the strict definition for identifying
tumors with MDM2 amplification (see Materials
and methods),® we found that 14% (13 of 92) of
tumors classified on histological grounds as atypical
lipomatous tumor did not reveal MDM2 amplifica-
tion. MDM2 amplification was then sought on an
additional four slides in each of these cases, and a
single slide from one tumor (12cm in the thigh)
revealed extensive MDM2 amplification. On more
detailed analysis of the remaining 12 neoplasms,
including study of copy number and protein
expression of CDK4 by FISH and immunohisto-
chemistry, respectively, we considered that six
could be classified as atypical lipomatous tumor
using robust criteria other than the detection of
MDM?2 amplification. Three of the cases revealed a
very small number of cells with MDM2 amplifica-
tion and therefore had not been classified as
having MDM?2 amplification because they did not
fulfill the defined criteria. These tumors were
lipoma-like atypical lipomatous tumors (Figure 1d)
and did not show multiple faint alphoid 12 signals
or harbor CDK4 amplification or immunoreactivity.
Two other cases showed significant atypia and
represented the well-differentiated component of
dedifferentiated liposarcoma. One of the dediffer-

<
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entiated components of these two tumors failed to
show amplification of MDM2 or CDK4, multiple
faint alphoid 12 signals and immunoreactivity for
CDK4. In contrast, the other harbored multiple faint
alphoid 12 signals and CDK4 amplification in both
components (Figure 3g, Table 3, case 6). Lastly, one
atypical lipomatous tumor did not have MDM2
amplification on the initial presentation but it was
detected when it recurred. We consider that the
evidence provided for these six (7% of 92) cases
argues that these tumors are best classified as
atypical lipomatous tumor without MDM2 amplifi-
cation.

Of the remaining 6 of 12 mature lipomatous
tumors diagnosed as atypical lipomatous tumor but
which revealed neither MDM2 nor CDK4 amplifica-
tion and/or immunoreactivity, extensive sclerosis
with and without necrosis was present in three,
and a significant inflammatory component was
observed in two of the cases (Supplementary
Figure S1). One case revealed metaplastic bone
formation. On review it was considered that these
six cases would have been better classified as
lipomas. The data argue that MDM2 amplification
is 93.4% sensitive for the diagnosis of atypical
lipomatous tumor.

MDM?2 Amplification in Lipomatous Tumors Other
Than Lipomas and Atypical Lipomatous Tumors

None of the non-lipoma-atypical lipomatous tumors
analyzed including hibernoma (n=13), lipoblasto-
ma (n=>5), spindle cell lipoma (n=15) and pleo-
morphic liposarcoma (n=9) demonstrated either
MDM?2 amplification or multiple faint alphoid 12
signals (Table 1). However, one pleomorphic
liposarcoma showed copy number gain of both
MDM?2 and centromere 12 signals of the same
intensity (Figure 1h).

MDM?2 FISH on Non-Lipomatous Tumors (n =201)

The result of FISH on 201 neoplasms, which had not
been diagnosed as lipomatous tumors, is shown in

Figure 3 H&E and FISH of two dedifferentiated liposarcomas harboring multiple faint alphoid 12 signals: one with and one without
MDM?2 amplification. (a—f) A dedifferentiated liposarcoma with both MDM2 and CDK4 amplification and multiple faint alphoid 12
signals. (a) Low-power magnification showing the well-differentiated and the dedifferentiated component of a dedifferentiated
liposarcoma. (b, ¢) High-power magnification of the well-differentiated and the dedifferentiated components in (a) respectively. (d)
MDM2 FISH of the dedifferentiated component showing multiple faint alphoid 12 signals (red) and MDM2-amplification (green). (e) FISH
using a SpectrumGreen-labeled D12G3 probe on the dedifferentiated component confirming the presence of multiple faint alphoid 12
signals, and no copy number gain of centromere 12. (f) CDK4 FISH on the dedifferentiated component showing multiple faint alphoid 12
signals (green) and CDK4 amplification (red). (g-1) A dedifferentiated liposarcoma harboring multiple faint alphoid 12 signals and CDK4
amplification in the absence of MDM2 amplification. (g, h) Microphotographs of the well-differentiated component and the
dedifferentiated component, respectively. (i) MDM2 FISH of the dedifferentiated component showing multiple faint alphoid 12 signals
(red) and absence of MDM2 amplification (green). (j, k) CDK4 showing nuclear immunoreactivity of tumor cells in the well-differentiated
component and the dedifferentiated component, respectively. (1) CDK4 FISH of the dedifferentiated component, showing CDK4
amplification (red) and multiple faint alphoid 12 signals (green). Note the CDK4 signals are depicted as red and centromere 12 signals are
detected by SpectrumGreen-labeled D12G3 probe in e, f and 1. An arrow and an arrowhead indicate the strong bright centromere 12
signals and multiple faint alphoid 12 signals, respectively, Bar, 100 um (a, g, h) and 50 um (b, c, j, k).
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Table 2. We found that seven harbored MDM2
amplification, and one had multiple alphoid 12
signals and CDK4 amplification. The former in-
cluded three spindle cell sarcoma, not otherwise
specified (Figure 4a), two soft tissue osteosarcomas
(Figure 4b), and 2 myxofibrosarcomas. On review of
the clinical/radiological findings and histopathol-
ogy of the seven cases, the diagnoses of the three
‘spindle cell sarcomas not otherwise specified’ were
considered very likely to represent dedifferentiated
liposarcoma as the diagnoses had been made on
needle cores, and all three tumors were retroper-
itoneal or intra-abdominal (resected material not
available for review). The two ‘soft-tissue osteosar-
coma’ were also sited in the retroperitoneum, and
having subsequently reviewed previous histology
from other hospitals, we found that both revealed an
atypical lipomatous tumor component. The diag-
noses of these tumors were revised to dedifferen-
tiated liposarcoma. Of the two ‘myxofibrosarcomas’
we found that one patient had been treated
previously in another hospital (pathology not avail-
able for review) for a spindle cell retroperitoneal
tumor. The second tumor (ankle, Figure 4c) on
review was found to have a small area of mature fat
with atypical features, which had previously been
overlooked (Supplementary Figure S2). Hence, both
of the MDM?2 amplification-positive myxofibrosar-
comas were considered to represent dedifferentiated
liposarcoma.

FISH analysis of non-lipomatous tumors without
MDM2 amplification (Table 2) revealed that the
remaining eight soft tissue osteosarcomas had copy
number gain of centromere 12 but not MDM2 or
CDK4 amplification, and that 6 of the remaining 43
myxofibrosarcomas showed copy number gain of
both centromere 12 and MDM2 (Figure 4d). Only
one tumor revealed multiple faint alphoid 12 signals
and CDK4 amplification, in the absence of MDM2
amplification, and this had been diagnosed as a low-
grade myxofibrosarcoma (4cm maximum dimen-
sion, thigh) (Figure 4e, case 7 in Table 3). Following
histological review it was considered more likely to
represent an atypical lipomatous tumor with low-
grade dedifferentiation, despite no well-differen-
tiated component being identified, as the histology
was considered not to be typical for a myxofibro-
sarcoma. Of the remaining non-lipomatous tumors
(Table 2), we found that copy number gain of
centromere 12 signals was detected in one high-
grade leiomyosarcoma and in one pleomorphic
sarcoma. Normal MDM?2 copy number and centro-
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mere 12 number was found in the remaining 145
non-lipomatous tumors.

Discussion

Distinguishing lipomas from atypical lipomatous tumor
on microscopy can be difficult* and the presence of
MDM2 amplification, identified by a variety of techni-
ques, has been found to correlate strongly with
histological findings in several studies.*'>*° As a
consequence, the identification of this molecular
abnormality is advocated as a useful ancillary diag-
nostic marker, and can be considered 100% specific in
the appropriate clinical and histological context.®

Our data support the findings of others and shows
that there is a good correlation between microscopic
diagnosis and MDM2 amplification status.”™® As in
the study by Zhang et al'® we found that we had a
tendency to ‘overcall’ lipomas, whereas the risk of
‘under-calling’” an atypical lipomatous tumor
(MDM2 amplification-positive) was much less. Spe-
cifically, we found that 2 of 86 (2%) tumors reported
as lipomas exhibited MDM2 amplification, whereas
79 of 92 (87%) of the mature lipomatous tumors
diagnosed as atypical lipomatous tumor harbored
MDM?2 amplification.

As with the interpretation of all diagnostic
markers, using the presence and absence of MDM2
amplification to classify a tumor as an atypical
lipomatous tumor and a lipoma, respectively, must
be interpreted in the light of other relevant clin-
icopathological information. The importance is
highlighted by the knowledge that MDM2 amplifica-
tion occurs in the majority of parosteal osteosarco-
mas and a small number of high-grade central
osteosarcomas.?'** Nevertheless, the large numbers
of soft-tissue sarcomas of various types studied here,
and by others,**? argues that MDM2 amplification is
largely restricted to atypical lipomatous tumor and
dedifferentiated liposarcoma in soft-tissue tumors.
Indeed, only 8 of 201 (4%) non-lipomatous tumors
were found to harbor MDM2 amplification with or
without multiple faint alphoid 12 signals. These
cases had been reported as spindle cell sarcomas not
otherwise specified (3 of 11), myxofibrosarcomas (3
of 43), and soft-tissue osteosarcomas (2 of 10).
However, following review of the histology and the
clinical histories, it was considered that all should
be reclassified as dedifferentiated liposarcoma.
These data underscore the need for always consider-
ing the diagnosis of dedifferentiated liposarcoma

<

Figure 4 H&E and FISH of non-lipomatous soft-tissue tumors. (ai, ii) H&E and FISH of a spindle cell sarcoma not otherwise specified
with MDM2 amplification. (bi, ii) H&E and FISH of a soft-tissue osteosarcoma with MDM?2 amplification, respectively. (ci, ii) H&E and
FISH of a myxofibrosarcoma with MDM2 amplification, respectively. (di, ii) H&E and FISH of a myxofibrosarcoma with copy number gain
of both centromere 12 and MDM2, respectively. (ei-ii) a myxofibrosarcoma with multiple faint alphoid 12 signals in the absence of MDM2
amplification. (eiii) FISH using a SpectrumGreen-labeled D12G3 probe confirming multiple faint alphoid 12 signals in the absence of
copy number gain of centromere 12. (eiv) CDK4 FISH demonstrating CDK4 amplification and multiple faint alphoid 12 signals. Bar, 50 yum
(ai, bi, ci, di) and 100 um (ei). Note the CDK4 signals are depicted as red and centromere 12 signals are detected as green in eiii and eiv.
An arrow and arrowhead indicate the strong bright signals of centromere 12 and faint alphoid 12 signals.
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when reporting such tumors, and for meticulous
macroscopic and microscopic analysis of tumors.
The findings also demonstrate the importance of
obtaining accurate clinical data, and of reviewing
previous pathology.

It is interesting that 4% (8 of 201) of the non-
lipomatous sarcomas analyzed in this study har-
bored MDM2 amplification or multiple faint alphoid
12 signals, and that this is almost identical to the
proportion of pleomorphic malignant fibrous histio-
cytomas (6 of 159.4%) considered by Fletcher to
represent dedifferentiated liposarcoma in a histolo-
gical review, almost 20 years ago.*® The exploitation
of technological advances and knowledge of
molecular genetics, which allows better character-
ization of tumors, adds weight to the argument that
many pleomorphic sarcomas can be classified to
a particular lineage. It is also noteworthy that
MDM?2 amplification is reported previously in
dedifferentiated liposarcoma with osteosarcomatous
differentiation®®, and that Evans noted that myxofi-
brosarcoma could be mistaken for dedifferentiated
liposarcoma.?”

Although the detection of a genetic abnormality in
a tumor can be a valuable diagnostic tool, the
absence of such a marker is always less informative
and cannot be employed to exclude a diagnosis.
With this in mind, we scrutinized the histology and
the clinical information of the 13 tumors diagnosed
microscopically as atypical lipomatous tumor in
which the molecular hallmark MDM2 was not
detected. The discrepancy in the histological classi-
fication and MDM2 amplification status in these
cases is not explained by the presence of CDK4
amplification, another frequently amplified gene on
the ring/marker chromosomes, which has been
shown previously to occur occasionally in the
absence of MDM?2 amplification.? It was therefore
noteworthy that MDM2 amplification was present in
arecurrent atypical lipomatous tumor and not in the
primary neoplasm, that two of the atypical lipoma-
tous tumors had a dedifferentiated component, and
finally that unequivocal MDM2 amplification was
identified in only very occasional cells in 3 of the 13
tumors, thereby excluding them from being classi-
fied as having MDM?2 amplification when the strict
definition of amplification is employed by us, and
others.® Finally, we found that MDM2 amplification
was detected in only one of the five slides analyzed,
highlighting that rarely MDM2 amplification may be
localized in a mature lipomatous tumor. It is
surprising that the above set of observations has
not been reported previously but this may reflect
that the occurrence of such events is rare. Hence, on
the basis of our findings we consider that we
provide sound evidence that 7 of 13 mature
lipomatous tumors without MDM2 amplification
would be best classified as atypical lipomatous
tumor. The remaining six tumors classified as
atypical lipomatous tumor without MDM2 amplifi-
cation had significant amounts of inflammation, and
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or fibrosis and fat necrosis and on review were
considered to have been ‘overcalled’. This high-
lights that these findings represent potential diag-
nostic pitfalls when reporting mature lipomatous
tumors. When taking the above evidence together,
we consider that MDM2 amplification is 93.5%
sensitive for diagnosing atypical lipomatous tumor.

The finding that MDM2 amplification was found
in very occasional tumor cells in three tumors, and
in only one of the four slides in another case, raises
important questions with respect to setting criteria
for scoring a tumor as being amplification-‘positive’
for MDM2. Nevertheless, it is generally accepted that
scoring systems are not perfect and arbitrary cutoff
points are required for implementation of a useful
diagnostic test. However, continued critical assess-
ment of the diagnostic criteria that pathologists
employ are required if a better understanding of a
disease in its full spectrum is to be acquired. The
findings are also of interest at a biological level as
they raise the possibility that MDM2 amplification is
not an initiating event in the development of these
tumors. However, the fact that MDM2 amplification
is generally observed throughout the tumors sug-
gests that when this genetic event occurs the cells
affected outgrow those without it.

Multiple faint alphoid 12 signals in the ring/giant
chromosome were first reported, using cytogenetic
techniques, in two mature lipomatous tumors, two
osteosarcomas™ and subsequently in a dedifferen-
tiated liposarcoma.'® They represent satellite DNA
sequence of centromere 12, whereas other genes such
as MDM2 and CDK4 derive from chromosome 12q13-
15 in the ring/giant chromosome.?® To our knowledge,
this abnormality has not been demonstrated unequi-
vocally by FISH in atypical lipomatous tumors on
formalin-fixed paraffin-embedded material previously.
Our finding highlights the need for awareness of this
chromosomal structural abnormality because it could
be misinterpreted as gain of copy number of both
centromere 12 and MDM?2, which has occasionally
been described in dedifferentiated liposarcoma,?**°
but never in atypical lipomatous tumor.>*°

Our study shows that 4% (4/92) of atypical
lipomatous tumors and 10% of the dedifferentiated
liposarcomas (2/20) as well as one low-grade
myxofibrosarcoma revealed multiple faint alphoid
12 signals. All seven tumors with these signals also
harbored CDK4 amplification regardless of the
MDM?2 amplification status. Of note was that in the
two cases of dedifferentiated liposarcoma, the gain
of multiple alphoid 12 signals was ~ twofold
greater in the dedifferentiated component compared
with the respective well-differentiated areas, a
finding mirrored in the greater number of MDM2/
CDK4 copies in the high-grade component of
dedifferentiated liposarcoma compared with their
respective low-grade component. Although multiple
faint alphoid 12 signals was found to be associated
with aggressive behavior in other tumors,'***%¢
analysis of a larger cohort of patients is required to



determine whether the presence of multiple faint
alphoid 12 signals is associated with a significant
risk of the tumor dedifferentiation.

In conclusion, this paper emphasizes the benefits
and limitations of MDM2 as an adjunct in diagnos-
ing mature lipomatous tumors. The work highlights
that it is rare for a biological test to be entirely
specific or sensitive for diagnostic purposes. Never-
theless, with MDM2 amplification reaching 94%
sensitivity for the diagnosis of atypical lipomatous
tumor, makes it a valuable diagnostic marker.
Awareness of potential pitfalls of molecular pathol-
ogy, and provision of diagnoses in conjunction with
morphology and relevant clinical information will
improve diagnostic accuracy even further.
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