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Abstract: The atypical lipomatous tumor (ALT)/well-differentiated liposarcoma (WDLS) and the de-differentiated lipo-
sarcoma (DDLS) represent the most common category of liposarcomas. ALT/WDLSs and DDLSs are often difficult
to distinguish from other tumors with similar morphological characteristics. In this study, we investigated whether
the detection of amplified or overexpressed murine double-minute 2 (MDM?2) can be a useful diagnostic ancillary
aid. We used fluorescent in situ hybridization (FISH) and immunohistochemistry (IHC) to detect MDM2 amplification
and protein overexpression, respectively, in 49 WDLSs, 5 DDLSs, 23 myxoid liposarcomas, 25 benign lipomatous
tumors, and 75 spindle and pleomorphic sarcomas. MDM2 amplification was detected in 48 of 49 WDLSs, 5 of 5
DDLSs, 2 of 9 malignant peripheral nerve sheath tumors, and 2 of 10 myxofibrosarcomas. We did not detect MDM2
amplification in any of the benign lipomatous tumors. FISH-mediated detection of MDM2 amplification was the
most valuable diagnostic aid for ALT/WDLS, as determined by using the Fisher exact test to compare two different
diagnoses of 19 biopsies. On the contrary, unequivocal nuclear overexpression of MDM2 was found in only 10 of 50
ALT/WDLSs. The sensitivity and specificity of MDMZ2 amplification in distinguishing a DDLS from spindle and pleo-
morphic sarcomas were 100% and 95%, respectively, while those of MDM2 overexpression were 100% and 87%,
respectively. In conclusion, our results indicate that FISH-mediated detection of MDM2 amplification is the most
useful adjunct in the diagnosis of both ALT/WDLS and DDLS. However, IHC-mediated detection of MDM2 protein is
useful only for the diagnosis of DDLS.
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Introduction grade nonlipogenic sarcoma that arises from a
pre-existing WDLS [1].
Liposarcoma is the most frequent soft tissue

sarcoma in adults. The World Health During the last several years, there have been

Organization (WHO) divides liposarcomas into
4 subtypes: atypical lipomatous tumor (ALT)/
well-differentiated liposarcoma (WDLS), myxoid
liposarcoma (MXLS), de-differentiated liposar-
coma (DDLS), and pleomorphic liposarcoma.
Among them, ALT/WDLS and MXLS are the
most common liposarcomas, while pleomor-
phic liposarcomas are rare. DDLS is a high-

great strides in our understanding of liposarco-
mas, largely as a result of cytogenetic studies
[2]. We now know that the genomic profiles of
ALT/WDLS and DDLS are characterized by
amplified sequences of chromosomal region
12q14-15, which contains the murine double
minute-2 (MDM2) and cyclin dependent
kinase-4 (CDK4) genes. MDM?2 is consistently
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amplified in cases of ALT/WDLS and could be
considered as a target gene of this amplicon.
MDM2, which was originally cloned from a
spontaneously transformed BALB/C mouse
3T3 cell line [3, 4], is an oncogene whose
expression controls both tumorigenesis and
the cell cycle by promoting degradation of
tumor suppressor protein p53 (TP53). CDK4 is
located at 12q14.1 and is frequently amplified
in tumors that have amplified MDM2. CDK4
phosphorylates retinoblastoma 1 (RB); this
phosphorylation disrupts RB’s interactions with
E2F transcription factors and allows the cell
cycle to proceed through the G1-S checkpoint
[5]. Cytogenetic studies have also determined
that MXLSs are characterized by a specific
translocation, t(12;16), that in almost all cases
results in a fusion of fused in sarcoma (FUS,
also known as TLS) with DNA-damage-inducible
transcript 3 (DDIT3); in a small number of cases
1(12;22) results in fusion of DDIT3 with Ewing
sarcoma breakpoint region 1 (EWSR1, also
known as EWS). Fluorescence in situ hybridiza-
tion (FISH) is the best method for detecting
these types of cytogenetic changes in individu-
al cells. MDM2 amplification can be detected
by comparing the number of signals for MDM?2
to that of signals for centromere 12.
Rearrangement of the DDIT3 locus is detected
as separated signals of centromeric and telo-
meric DDIT3 probes that have been differen-
tially labeled [6, 71].

Both ALT/WDLSs and DDLSs are often difficult
to identify: ALT/WDLSs are difficult to distin-
guish from benign lipomatous tumors by using
morphological criteria; while distinguishing
DDLSs from other high-grade sarcomas may be
challenging, especially in needle biopsy speci-
mens that lack areas of well-differentiated lipo-
sarcoma [8]. Amplification of MDM2 is known
to result in overexpression of MDM2 protein [9];
thus in biopsy samples, immunohistochemistry
(IHC) may be a useful method to indirectly
detect gene amplification by detecting protein
expression [10, 11]. However, it has not yet
been fully clarified if amplified copies of MDM2
are consistently transcribed or if IHC can suc-
cessfully detect the overexpressed protein. In
fact, recent reports show considerable discor-
dance between the results of IHC analyses and
those of molecular analyses [8, 12].

In this study, we examined the utility of FISH-
mediated detection of MDM2 amplification in
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the differential diagnosis of ALT/WDLS/DDLS
from other morphologically similar sarcomas
and from benign lipomatous tumors by review-
ing two cohorts of tumors.

Materials and methods
Archival cases

We searched the 2003-2007 case files of the
Bone and Soft-Tissue Tumor Study Group of
Kanazawa University for cases of soft tissue
sarcomas. We retrieved 45 liposarcoma cases
(25 ALT/WDLSs, 17 MXLSs, and 3 DDLSs) and
69 cases of various spindle cell- and pleomor-
phic-cell sarcomas. The tumor distribution is
shown in Table 1A. MDM2 overexpression and
MDM?2 amplification were examined using IHC
and FISH, respectively. All cases of this study
were reviewed by pathologists who specialize in
soft-tissue sarcomas (TN and YD), who had
knowledge of the results of the IHC and FISH
analyses.

Newly diagnosed cases

In 2008, our study group introduced the use of
IHC- and FISH-mediated detection of protein
overexpression and amplification of MDM2 and
CDK4, respectively, as diagnostic adjuncts for
the diagnoses of liposarcomas and morphologi-
cally similar tumors. Tumors subjected to these
analyses are summarized in Table 1B. A preop-
erative biopsy was performed in 19 of 25 surgi-
cally resected ALT/WDLSs.

In order to assess the utility of FISH-mediated
detection of MDM2 amplification as a diagnos-
tic adjunct, the 19 ALT/WDLS biopsies were
reviewed by 3 board-certified pathologists (OT,
S-KS, HI) who are not soft-tissue tumor special-
ists. The diagnoses of these pathologists, who
were blinded to the results of the FISH analy-
ses, were compared to the final diagnoses of
the resected tumors. Final diagnoses were
made by 2 experts (TN and YD) who had knowl-
edge of the results of the FISH analyses.

IHC

Hematoxylin-eosin staining, IHC, and FISH anal-
yses were conducted on serially cut (4 um)
biopsy specimens and representative whole tis-
sue sections. All sections were mounted on
MAS-coated™ glass slides (Matsunami, Tokyo,
Japan). Prior to IHC, the antigens were activat-
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Table 1. IHC analysis of MDM2 overexpression in archived tumors (A) and

newly diagnosed tumors (B)

included as a posi-
tive control.

MDM2 [HC

1A. Archived tumors

Negative (FISH-positive) Positive (FISH-positive)

The results of the

Liposarcomas

ALT/WDLS 207 (20)

MXLS 16" (0)

DDLS 0 (0)
Leiomyosarcoma 18 (0)
MFH 15 (0)
MPNST 4 (0)
Synovial sarcoma 8(0)
Myxofibrosarcoma 7 (0)
Rhabdomyosarcoma 5(0)
Low grade fibromyxoid sarcoma 4 (0)

IHC analyses were

4 (4) reviewed by 3 pathol-
0 ogists (HI, SSK, TO),
3(3) who were unaware of
0 the results of the
2 FISH analyses. The
5(2) intensities of MDM2
1(()1) and CDK4 expres-
1(0) sion in 25 ALl/
0 WDLSs and 25

a: originally 21, one was reclassified as spindle cell lipoma. ®: originally 17, one was reclassified as

myxofibrosarcoma.

benign lipomatous
tumors (Table 1B)

MDM2 [HC

were scored using a

1B. Newly diagnosed tumors

Negative (FISH-positive) Positive (FISH-positive)

three-tiered system:

Liposarcomas

ALT/WDLS 19°(18)

MXLS 7 (0)

DDLS 0
Subcutaneous lipoma 9 (0)
Intramuscular lipoma 8 (0)
Spindle cell lipoma 6 (0)
Pleomorphic lipoma 2 (0)
MFH 3(0)
Myxofibrosarcoma 1(0)
Low grade fibromyxoid sarcoma 1(0)

negative, no discern-
ible staining or back-

6 (6) .
0 ground staining; 1+,

2(2) equivocal  nuclear
0 staining; 2+, unequi-
0 vocal intense nucle-
0 ar staining. A tumor
0 was classified as
Y either positive or
1(()1) negative according

to its summed score

¢ one tumor was FISH negative and had a controversial diagnosis.

Table 2. Diagnostic status and use of FISH as an adjunct diagnostic aid in

study biopsies

for the 2 antigens:
positive tumors had
scores of 4-6; nega-
tive tumors had

FISH analysis of MDM2 amplification

scores of 0-3.

Diagnoses (by a consensus of two examiners)

Malignant
Benign

Used FISH
57
0 The probes used for

Fischer exact probability test P <.001.

ed by immersing the slides in citrate buffer (pH
6.0) and autoclaving (121°C) for 15 minutes.
The following primary antibodies were used:
Anti-human MDM2 antibody (mouse monoclo-
nal IF2; working dilution, 1:40) (Calbiochem, La
Jolla CA, USA) and anti-human CDK4 antibody
(rabbit polyclonal H-303; working dilution,
1:100) (Santa Cruz Biotechnology, Santa Cruz
CA, USA). Proteins were visualized by avidin-
biotin binding to peroxidase-conjugated sec-
ondary antibodies (DAKO A/S, Glostrup,
Denmark). In each analysis, one section of a
liposarcoma that had been previously con-
firmed to overexpress MDM2 and CDK4 was
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the FISH analyses
were generated us-
ing the following bac-
terial  artificial chromosomes  (BACPAC
Resources, Oakland CA, USA): RP11-775J10,
which is specific for the MDM2 locus (12915;
AC026121); and RP11-571M6, which is specif-
ic for the CDK4 locus (12q14.1;
ENSG0O0000257921). The probes were labeled
with SpectrumOrange™ or SpectrumGreen™
using a nick translation kit (Abbott, Abbott Park
IL, USA). A SpectrumGreen™-labeled probe
specific to a centromeric region of chromosome
12 (CEP12™, Abbott) was included in the
hybridization reaction to standardize the chro-
mosome number. When necessary, rearrange-
ment of the DDIT3 gene was examined using
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Figure 1. A malignant peripheral nerve sheath tumor with amplified MDM2. Representative histology (A). The results
of dual-color FISH with probes directed against MDM2 (orange fluorescence) and centromere 12 (green fluores-
cence) (B). The results of IHC for MDM2 (C).

FISH with the DDIT dual-color break-apart rear-
rangement probe™ (Abbott) [6, 7]. FISH was
performed using standard methods and includ-
ed a RNase A treatment [13]. The tissue sec-
tions were counterstained in phosphate-buff-
ered saline containing 4',6-diamidine-2’-
phenylindole dihydrochloride (DAPI II), p-phenyl-
enediamine, and glycerol (Abbott), then exam-
ined with a fluorescence microscope (Olympus,
Tokyo, Japan) equipped with a Triple Bandpass
Filter'™ set (Abbott) for detecting DAPI I,
SpectrumOrange™, and SpectrumGreen™,

When scoring the FISH results, only nuclei with
at least one CEP12™ signal were evaluated.
The ratio of the number of signals for either
MDM?2 or CDK4 to the number of CEP12™ sig-
nals was calculated for each nucleus. If more
than 10 nuclei had a ratio > 2, the tumor was
considered as positive for gene amplification.
The amplification was categorized as high-level
when one nucleus had 10 or more MDM?2 sig-
nals, and as low-level when it had less than 10
signals. Nuclei that had increased numbers of
signals for both the gene and centromere 12
(ratio of < 2) were categorized as polysomic for
CEP12. After FISH, images of the sections were
captured using a cooled charged coupled
device camera and recorded on a personal
computer.

This study was approved by the Institutional
Review Board of the Kanazawa University
Hospital (Approval No. 226), and written infor-
med consent was obtained from all patients.

Results
Archived tumors

The results of FISH and IHC analyses of MDM2
amplification and protein expression are shown
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in Table 1A. Overexpression of MDM2 was
detected in 4 of 25 ALT/WDLSs and in 3 of 3
DDLSs. The results of FISH analysis of MDM2
amplification could be interpreted in 107 of
114 archived tumors. Among the 25 tumors
diagnosed as ALT/WDLS, 24 were positive for
MDM?2 amplification. Twelve of the 24 positive
tumors were classified as a high-level amplifica-
tion. After review, the diagnosis of the ALT/
WDLS tumor that was negative for MDM2
amplification was corrected to spindle cell lipo-
ma. The 3 tumors diagnosed as DDLS were all
positive for MDM2 amplification and were clas-
sified as cases of high-level amplification. The
17 MXLSs were negative for MDM2 amplifica-
tion. The consultants consented to a diagnosis
of MXLS in 16 of the 17 tumors. The diagnosis
of the remaining tumor was changed to myxofi-
brosarcoma because FISH analysis did not
detect any rearrangements at the DDIT3 locus.

MDM2 overexpression was found in 9 of the 70
non-lipomatous sarcomas, and among these 9
samples, MDM2 amplification was detected in
3:1 myxofibrosarcoma and 2 malignant periph-
eral nerve sheath tumors (MPNST) (Figure 1).
One of the MPNSTs occurred in a case of heuro-
fiboromatosis type | and showed rhabdomyo-
blastic differentiation. We detected polysomy
of chromosome 12 in 76% of the non-lipoma-
tous sarcomas.

Newly diagnosed tumors

The FISH analyses were successful in all 65
tumors examined.

ALT/WDLSs and benign lipomatous tumors

Twenty-four of the 25 surgically resected ALT/
WDLSs received a consensus diagnosis. The
consultants did not agree upon the diagnosis of
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Figure 2. An ALT/WDLS with typical lipoblasts (case 1, A) and atypical lipocytes (case 2, B), and one tumor that can-
not be distinguished from a benign lipoma without the use of FISH (case 3, C). FISH with a probe directed against
MDM2 demonstrated that MDM?2 is amplified (D-F: orange fluorescence, MDM?2; green fluorescence, centromere
12). Dual color FISH with probes directed against MDM?2 (orange fluorescence) and CDK4 (green fluorescence)
demonstrated that both genes are amplified (G: the 2 nuclei overlap). Analysis of MDM2 expression by IHC revealed
unequivocal nuclear staining (H), heterogenous staining (I: positive and negative nuclei), and negative staining (J).
(Case 1: A, D, G, and H; Case 2: B, E, and |; Case 3: C, F, and J).

the remaining tumor because of controversy
over the features of WDLS compared to MXLS.
Among the ALT/WDLSs, we observed a wide
range of cellular morphologies, from unequivo-
cal lipoblasts to slightly atypical lipocytes
(Figure 2A-C). Without the use of adjunct FISH
analysis, we found it difficult to distinguish
between a benign lipoma and an ALT/WDLS in
tumors that had cells with slightly atypical mor-
phologies. Two such tumors, which contained a
few hyperchromatic lipocytes, were recurrenc-
es of tumors that had been resected 8 and 5
years previously and diagnosed as benign lipo-
mas (Figure 2C). Excluding the case that did
not receive a consensus diagnosis, the remain-
ing 24 ALT/WDLSs were all positive for MDM?2
amplification. In a single nucleus, the ratio of
the number of MDM?2 signals to the number of
signals for centromere 12 varied from 2 to 5:1
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to more than 20:1 (Figure 2D-F). Occasionally,
we observed large clusters of MDM2 signals
(Figure 2D). Twelve tumors were classified as
cases of high-level amplification and 12 as
cases of low-level amplification. Generally, the
levels of MDM2 amplification were higher in
tumors with a greater degree of nuclear atyp-
ism. Sixteen of the 25 tumors were positive for
both MDM2 and CDK4 amplification (Figure
2G). Clinicopathologically, no other distinction
was found between the 2 groups of tumors
(data not shown). All 25 benign lipomatous
tumors were negative for MDM2 amplification.
No nucleus had more than 2 signals for centro-
mere 12; therefore, all tumors were considered
to be disomic for chromosome 12, and were
probably euosmic. Occasionally, 2 nuclei of a
lipomatous tumor were closely apposed and
appeared as a single nucleus, as shown in

Int J Clin Exp Pathol 2013;6(7):1306-1316
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Figure 3. A DDLS with a histology that resembles osteosarcoma (A) contained nuclei with amplified MDM2 (B)
MDM2 protein was also overexpressed (C). Nuclei of the adjacent lipomatous zone had amplified MDM?2 (D).

Table 3. IHC analysis of MDM2 overexpression in cases of ing 19 WDLSs and the 25 benign lipoma-

ALT/WDLS and benign lipomatous tumors

tous tumors did not display unequivocal

nuclear staining and were classified as

Negative
ALT/WDLS 19
Benign lipomatous tumors 25

negative tumors (Figure 2J). All 19 ALT/
WDLS biopsy specimens were positive for

McNemar’s chi-square test: P = .001.

Figure 2G. If we were aware of the overlap of
the 2 nuclei, there were no cases in which we
had difficulty distinguishing between chromo-
some 12 disomy and a case of low-level MDM?2
amplification. Six of 25 ALT/WDLSs contained
cells that were immunopositive for MDM2.
Three tumors had a maximum score according
to our tiered system and were classified as pos-
itive tumors with a high level of overexpression.
The strength of the immunostaining varied both
among the cells of a single tumor sample and
among the different tumor samples. The per-
centage of cells that were immunopositive for
MDM2 within one tumor also showed variation
among the samples (Figure 2H, 2I). The remain-
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MDM?2 amplification. We wished to deter-
mine if using FISH to detect MDM2 amplifi-
cation is a diagnostically valid method to
differentiate between ALT/WDLSs and benign
lipomatous tumors. To do this, we compared
two different diagnoses for each of the 19 ALT/
WDLSs that had a preoperative biopsy. One
diagnosis was made by a committee of 3 gen-
eral pathologists (procedure and personnel are
described in Methods), who classified the
tumor as either ‘malignant’ or ‘benign’ after
review of the biopsy specimen. After the tumor
was resected and the results of the FISH analy-
sis were known, the second diagnosis was
made by two specialists. The comparison
revealed that using FISH to detect MDM2
amplification is statistically a more valuable
diagnostic aid for liposarcomas (Table 2). We

Int J Clin Exp Pathol 2013;6(7):1306-1316
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Figure 4. Pleomorphic lipoma showing marked nuclear
atypia (A). FISH analysis with a probe directed against
MDM?2 (orange fluorescence) and centromere 12 (green
fluorescence) detected nuclei with numerous MDM?2 sig-
nals that were closely associated with centromere 12 sig-
nals (B). IHC analysis did not detect nuclear overexpres-
sion of MDM2 (C).

next determined if using IHC to detect MDM2
overexpression was a helpful adjunct in the dif-
ferential diagnosis of ALT/WDLSs from benign
lipomatous tumors. This was accomplished by
comparing the results of IHC analysis of the 25
ALT/WDLSs to those of the 25 lipomatous
tumors as shown in Table 3. The results of
McNemar’s chi-square test indicate that pre-
dictions of the appropriate diagnosis that were
based on the results of IHC analysis of MDM2
overexpression were significantly incorrect.

Archived and newly diagnosed cases of DDLS
and other sarcomas

In the 2 cohorts of DDLSs, all 5 overexpressed
MDM2 and were cases of high-level amplifica-
tion of MDM2. Four of the 5 cases were typical
DDLS. The fifth had been erroneously diag-
nosed as ‘parosteal osteosarcoma with de-dif-
ferentiated components’ by biopsy not only
because it exhibited the characteristic histolo-
gy of a spindle cell tumor, with an anastomos-
ing osteoid-like fibrous stroma, (Figure 3A) but
also because of the clinical and radiological
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findings. Furthermore, the findings that the
tumor overexpressed MDM2 protein and was
positive for MDM2 amplification (Figure 3B, 3C)
are consistent with recent reports, which indi-
cate that low-grade osteosarcomas have a high
frequency of MDM2 amplification [14]. However,
after the tumor was removed an adjacent lipo-
matous zone was detected that was also posi-
tive for MDMZ2 amplification (Figure 3D);
accordingly, the diagnosis was corrected to
DDLS. Among the tumors that are morphologi-
cally similar to DDLS, all 3 of the pleomorphic
lipomas contained nuclei that had between 2
to 10 signals for MDM2. The signals were usu-
ally closely apposed to signals for the centro-
mere of chromosome 12, indicating that the
pleomorphic lipomas are negative for MDM?2
amplification. The results also indicate that
giant cell nuclei are polysomic for chromosome
12 (Figure 4A-C). In an exceptional case, one
myxofibrosarcoma was positive for both MDM2
amplification and MDM2 protein overexpres-
sion. Because MDM2 overexpression and
amplification were detected in the biopsy speci-
men of this tumor (Figure 5), our preoperative

Int J Clin Exp Pathol 2013;6(7):1306-1316



MDM2 in liposarcomas

(9 » v ’
B\ t_» .
‘L" ? ‘ \ .‘-“ \ R
R Chaits WY
# Y ) &
‘ ‘f‘ ] | A e \ L ;‘. ' ks
¢ a> '
'.‘ 114 B ‘g “ i ¢ AP q
\ A\h ’ C . .: FOR ¥ B ’
\ \ LT T

Figure 5. A biopsy obtained from a myxofibrosarcoma (A) contained nuclei that overexpressed MDM2 protein (B) and

had amplified MDM2 (C).

Table 4. IHC (A) and FISH (B) analysis of MDM2
amplification in cases of DDLS and other
sarcomas

4A. IHC analysis

Negative Positive
DDLS 0 5
Other sarcomas 66 10

McNemar’s chi-square test: P <.001.
4B. FISH analysis

Negative Positive
DDLS 0 5
Other sarcomas 71 4

McNemar’s chi-square test: P <.001.

diagnosis was DDLS. However, upon closer
examination of the resected tumor, no lipoma-
tous component was found; therefore, the con-
sensus-verified diagnosis was myxofibrosar-
coma.

In distinguishing a DDLS from spindle and pleo-
morphic sarcomas, the sensitivity and specific-
ity of MDM2 amplification were 100% and 95%,
respectively, while MDM2 overexpression
exhibited a sensitivity and specificity of 100%
and 87%, respectively (Table 4).

Discussion

Differentiating an ALT/WDLS from a benign
lipomatous tumor by using histology alone was
sometimes very difficult. This is reflected in the
fact that 2 recurring ALT/WDLSs had eluded
the scrutiny of our study group. In order to over-
come this difficulty, we introduced IHC-
mediated detection of MDM2 overexpression.
Most surgical pathologists are familiar with
IHC, which is a routine technique available in
almost all pathology laboratories. Additionally,
it is often the first ancillary method performed
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during diagnostic pathology to differentiate
between tumors with similar morphologies. An
early study reported that the sensitivity and the
specificity of using IHC-mediated detection of
MDM2 overexpression to distinguish between
an ALT/WDLS and a benign adipocytic tumor
were 100% and 96%, respectively [15]. Arecent
study also assessed the sensitivity at 100%;
however, this study reported a much lower
specificity of 59% [16]. In a study of needle
biopsies that combined IHC and FISH analyses,
Weaver et al [17] showed that diagnoses with
adjunct IHC analysis to measure MDM2 expres-
sion had a false positive rate of 11%, compared
to 0% for diagnoses with adjunct FISH analysis
to measure MDMZ2 amplification. Thus, FISH
had both a sensitivity and a specificity of 100%,
while IHC had a sensitivity of 65% and a speci-
ficity of 89%. In a study that used both IHC and
FISH, with or without quantitative polymerase
chain reaction (Q-PCR), Sirvent et al reported
that the concordance of MDM2 amplification
and overexpression of MDM2 was only 48% (14
of 29) of cases of ALT/WDLS but 100% (8 of 8)
of cases of DDLS [12]. In the present study,
unequivocal nuclear overexpression of MDM2
was found in only 20% (10 of 49) of cases of
ALT/WDLS. The 10 cases were classified as
high-level amplifications and were morphologi-
cally unmistakable ALT/WDLSs, containing
plain lipoblasts, atypical lipocytes, or both.
Reflecting this fact, statistical analysis proved
that predictions of the appropriate diagnosis
that were based on the results of IHC analysis
of MDM2 overexpression were significantly
incorrect.

The results of our FISH analyses were interpre-
table in all of the newly diagnosed tumors and
most of the archived tumors. MDM2 was ampli-
fied in almost all (48 of 49) of the ALT/WDLS

Int J Clin Exp Pathol 2013;6(7):1306-1316
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tumors but in none of the benign lipomatous
tumors. FISH analysis could detect an increased
copy number of MDM2 on a nucleus-by-nucle-
us basis. We occasionally found large clusters
of MDM?2 signals, which may be copies of
MDM2 in homogeneously staining regions [18].

In this study, gene amplification was defined as
a MDM2:CEP12 signal ratio that was > 2 in at
least 10 nuclei per sample. However, if the cri-
terion for amplification had been 2 or 3 positive
nuclei, instead of 10, the results would not
have changed. Thus, FISH can even be used in
small biopsy specimens. In addition to this
objectivity and simplicity, FISH-mediated detec-
tion of MDM2 amplification was statistically
proven to be the most valuable diagnostic aid
for cases of ALT/WDLS.

Due to their marked nuclear polymorphism,
some deep-seated spindle cell and pleomor-
phic lipomas are occasionally difficult to distin-
guish from liposarcomas with atypical lipoblas-
tic cells [19]. However, as presented in our
study and in previous reports, spindle cell lipo-
mas and pleomorphic lipomas have no authen-
tic gene amplification, and even display an
increased copy number of MDM2 due to poly-
somy of chromosome 12 [20].

In contrast to the ALT/WDLSs, all 5 DDLSs
showed protein overexpression and gene ampli-
fication of MDM2. This close association has
also been reported in other studies [12], and
may be explained as follows: the high-level
amplification of MDM2 usually found in DDLS
leads to higher overexpression of the protein,
or more likely, posttranscriptional and post-
translational control of protein expression is
functional in most cases of ALT/WDLS but not
in cases of DDLS.

In distinguishing a DDLS from spindle and pleo-
morphic sarcomas, the sensitivity of both IHC-
mediated detection of MDM2 and FISH-
mediated detection of MDM2 was 100%.
Although the specificity of IHC (87%) was lower
than that of FISH (95%), both techniques can
be useful diagnostic aids, because MDM?2
amplification and overexpression occur fre-
quently in low-grade osteosarcomas [14] but
rarely in other sarcomas such as classical
osteosarcomas [21, 22], malignant fibrous his-
tiocytomas (MFH), MPNSTs, and myxofibrosar-
comas [6, 8, 23]. Considering that spindle and
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pleomorphic cell sarcomas rarely have ampli-
fied MDM2, which can be targeted by a molecu-
lar therapy (see below), it may be too time con-
suming and laborious to analyze these tumors
by using FISH. Therefore, IHC-mediated detec-
tion of MDM2 overexpression may be useful for
triage or sampling of specimens prior to FISH
analysis, especially when the tumors are large
and have a heterogeneous histology.

In addition to being a diagnostic utility, detect-
ing amplification of MDM2 and CDK4 impacts
cancer treatments that use selective inhibitors
of MDM2 and CDK4 proteins [24, 25]. In par-
ticular, the use of factors that interfere with
MDM2-p53 interactions and reactivate p53 is
an attractive therapeutic modality for treating
cancers that h ave amplified MDM2 and wild-
type p53. In fact, in an in vivo study, treatment
with Nutlin, an MDM2 antagonist, induced
p53-dependent transcription and apoptosis in
liposarcoma cells that was positive for MDM?2
amplification [26].

In conclusion, our results indicate that using
FISH to assess MDM2 amplification is the most
useful adjunct in the diagnostic approach for
ALT/WDLS versus benign lipomatous tumors,
and this role cannot be substituted for by the
use of |HC.
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