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Most lipomas are characterized by translocations involving the HMGA2 gene in 12q14.3. These rearrangements lead to the

fusion of HMGA2 with an ectopic sequence from the translocation chromosome partner. Only five fusion partners of

HMGA2 have been identified in lipomas so far. The identification of novel fusion partners of HMGA2 is important not only

for diagnosis in soft tissue tumors but also because these genes might have an oncogenic role in other tumors. We

observed that t(1;12)(p32;q14) was the second most frequent translocation in our series of lipomas after

t(3;12)(q28;q14.3). We detected overexpression of HMGA2 mRNA and protein in all t(1;12)(p32;q14) lipomas. We used a

fluorescence in situ hybridization-based positional cloning strategy to characterize the 1p32 breakpoint. In 11 cases, we

identified PPAP2B, a member of the lipid phosphate phosphatases family as the 1p32 target gene. Reverse transcription-

polymerase chain reaction analysis followed by nucleotide sequencing of the fusion transcript indicated that HMGA2 30

untranslated region (30UTR) fused with exon 6 of PPAP2B in one case. In other t(1;12) cases, the breakpoint was

extragenic, located in the 30region flanking PPAP2B 30UTR. Moreover, in one case showing a t(1;6)(p32;p21) we observed a

rearrangement of PPAP2B and HMGA1, which suggests that HMGA1 might also be a fusion partner for PPAP2B. Our results

also revealed that adipocytic differentiation of human mesenchymal stem cells derived from adipose tissue was associated

with a significant decrease in PPAP2B mRNA expression suggesting that PPAP2B might play a role in adipogenesis. VVC 2013

Wiley Periodicals, Inc.

INTRODUCTION

Lipomas are the most frequent mesenchymal

tumors in humans. These benign adipose tumors

occur mainly in the fourth to sixth decades. Most

of them appear as small, well-circumscribed pain-

less subcutaneous masses located in the upper

back, neck, shoulders, arms or thighs. Occasion-

ally they can be deeply situated, infiltrating the

surrounding tissues or comprise a few atypical

cells that make them difficult to distinguish from

liposarcomas. Cytogenetic and molecular analyses

are useful as complementary tools for differential

diagnosis. Indeed, approximately two-thirds of

lipomas are characterized by chromosomal aberra-

tions (Mandahl et al., 1994; Fletcher et al., 2002).

Among these lipomas exhibiting an abnormal

karyotype, three major subgroups have been

described: structural rearrangements of the 12q14

region are detected in two-thirds of the cases, fol-

lowed by anomalies of the 13q12-22 region (15%)

and rearrangements of the 6p21 region (5%).

Rearrangements of the 12q14 region include
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translocations involving a large variety of chromo-

somal regions, inversions, insertions or deletions

(Nishio, 2011; Mitelman et al., 2012). These rear-

rangements frequently result in fusion of the

HMGA2 (12q14.3) gene with several partner

genes (Ashar et al., 1995; Schoenmakers et al.,

1995; Fedele et al., 1998; Fletcher et al., 2002;

Italiano et al., 2008b). Breakpoints have been

reported to occur preferentially in the large third

intron of HMGA2 (Ashar et al., 1995) resulting ei-

ther in the expression of a truncated protein lack-

ing the acidic COOH-terminal region and the 30

untranslated region (30UTR) or in the expression

of a chimeric protein fusing the HMGA2 AT-

hooks domains to an ectopic sequence from the

fusion partner (Ashar et al., 1995; Petit et al.,

1996; Bartuma et al., 2007). Strikingly, although

more than 40 chromosome bands have been

described in rearrangements involving the 12q13-

15 region in lipomas (Bartuma et al., 2007), only

five genes have been identified as fusing with

HMGA2 so far: LPP (3q28), CXCR7 (2q37), EBF
(5q33), LHFP (13q12) and NFIB (9p22) (Petit

et al., 1996, 1999; Broberg et al., 2002; Nilsson

et al., 2005, 2006; Hatano et al., 2008; Italiano

et al., 2008b). The most frequent fusion is

HMGA2-LPP, detected in 20% of lipomas, which

results in the fusion of the three AT-hooks of

HMGA2 to the LIM domains of LPP. LPP, for
‘‘Lipoma Preferred Partner,’’ first identified in lip-

omas (Ashar et al., 1995; Schoenmakers et al.,

1995) then in pulmonary chondroid hamartomas

(Rogalla et al., 1998) as well as in chondroma

(Dahlén et al., 2003), was subsequently found to

be overexpressed in malignant tumors such as

lung carcinomas (Choi et al., 2007) and sarcomas

(Hussenet et al., 2006). Similarly, NFIB a gene

that fused with HMGA2 in pleomorphic adeno-

mas of salivary glands (Geurts et al., 1998) and

in t(9;12) lipomas (Nilsson et al., 2005; Italiano

et al., 2008b; Pierron et al., 2009) was further

shown to be overexpressed and oncogenic in

small cell lung cancer (Dooley et al., 2011);

amplified in a mouse model of prostate cancer

(Zhou et al., 2006) and in patients with triple

negative breast cancer (Han et al., 2008). Char-

acterization of new fusion partners of HMGA2 is

therefore potentially useful for advances in mo-

lecular diagnosis of adipose tumors and for iden-

tification of candidate genes in malignant

tumors. Here, we describe the identification of a

novel recurrent translocation partner gene of

HMGA2 in lipomas showing t(1;12)(p32;q14)

translocations.

MATERIALS AND METHODS

Cytogenetic, Histological, and Clinical Data

Sixteen cases were selected from our series of

418 lipomas analyzed between 1993 and 2012 at

the Laboratory of Solid Tumor Genetics (Nice,

France) because their RHG-banded karyotypes

obtained from short term primary cell cultures

showed the presence of a rearrangement of the

1p32 region and enough biological material was

available for further fluorescence in situ hybrid-

ization (FISH) or expression analysis. These 1p32

rearrangements were either t(1;12)(p32;q14-15)

(cases 1–15), sometimes in association with

additional anomalies or t(1;6)(p32;p21) (case 16)

(Table 1). The clinico-pathologic characteristics

of the 16 cases are listed in Table 1. Histologi-

cally, all cases were ordinary lipomas. Atypias or

lipoblasts were not detected. With the exception

of one case showing intramuscular infiltration

(case 5), and one case located in the caecal wall

(case 12), no clinical or histological peculiar fea-

tures were noted. All lipomas measured less than

15 cm in their largest axis (average size: 8 cm). In

all cases, the diagnosis of lipoma was established

according to the Word Health Organization Clas-

sification of Tumors (Fletcher et al., 2002).

FISH Analyses

The FISH probes used in this study are listed in

Table 2. We used sets of BAC probes located in the

12q14.3, 6p21, and 1p32.1-1p32.3 regions. The BAC

clones from the Roswell Park Cancer Institute library

were selected according to their location on the Uni-

versity of California Santa Cruz database (hg19, Feb.

2009, GRCh37 Genome 5 Reference Consortium

Human Reference 37; http://www.genome.ucsc.edu)

purchased from the Children’s Hospital Oakland

Research Institute (CHORI, http:/bacpaschori.org/)

or from Invitrogen (Carlsbad, CA) and prepared as

probes for FISH analysis according to standard pro-

cedures. For each probe, the chromosomal location

was verified by FISH on normal metaphases cells

from peripheral blood lymphocytes. Microscopic

analysis was performed using a DM6000B micro-

scope (Leica Microsystems, Wetzlar, Germany).

FISH images were processed using the ISIS software

(Metasystems, Altussheim, Germany).

RNA Isolation and Reverse Transcription-

Polymerase Chain Reaction

Twenty 5-lM thick tissue sections from

formalin-fixed paraffin embedded case 10 were
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TABLE 1. Clinicopathologic and Cytogenetic Characteristics of 16 Cases of Lipomas with 1p32 Rearrangements

Case
Laboratory
identification

Sex/age
(year)

Size
(cm)/weight (g) Location

Partial RHG-banded
karyotype

Breakpoint
in HMGA2 regiona

1 93T639 M ND ND t(1;12)(p32;q14) þ
2 09T089 M/56 14.5 � 6 Right calf t(1;12)(p32;q14),del(13)(q14q31) þ
3 10T355 F/48 11 � 6 � 2/56 Right shoulder t(1;12)(p32;q14) þ
4 10T777 M/61 14 � 9.5 � 3.5/134 Left hip t(1;12)(p32;q14) þ
5 11T350 M/60 4.5 � 3.5 � 2/16 Right cheek t(1;12)(p32;q14) þ
6 11T369b M/17 4 � 3.5 � 2.5/10 Right arm Complex rearrangement

involving1p;7q;12q
þ

7 11T874 F/38 9 � 6.5 � 3.5/61 Right shoulder t(1;12)(p32;q14) þ
8 11T1233 M/37 11.7 (largest axis) Left buttock t(1;12)(p32;q14),t(1;20)(q32;p13) þ
9 05T312 M/51 10 � 6 � 6.5/94 Left buttock t(1;12)(p32;q14),t(11;12)(q13;p13) þ
10 10T706 M/55 5.5 � 4.5 � 2.5/20 Right chest wall t(1;12)(p32;q14) þ
11 09T699 F/64 6.5 � 4.1 � 1.5/16 Left forearm t(1;12)(p32;q14), del(1)(p32),

t(2;11)(q21;p15)
þ

12 94T685c F/57 4 � 2.5 Caecal wall t(1;12)(p32;q14) þ
13 10T034 F/36 10 � 7 � 4/80 Paravertebral inv(1)(p32q11),t(1;12)(q11;q14),

t(17;18)(q11;q23)
Deletion

14 11T124 F/56 4.2 � 4.2 � 2 Right axilla t(1;12;19)(p32;q13;q11) �
15 07T614 M/43 6 � 3/38 Right scapula t(1;12)(p32;q14) �
16 12T893 M/54 5 � 3.5 � 1 Back t(1;6)(p32;p21) NDd

F, female; M, male; ND, not done.
aBased on FISH analysis using RP11-30I11 and RP11-118B13 probes.
bContext of multiple lipomas.
cPublished in Bianchini et al. (2011).
dBreakpoint in HMGA1 region.

TABLE 2. Description of the FISH Probes Used for the Characterization of the 1p32.2; 6p21 and 12q14.3 Regions in 10 Cases of
Lipomas with t(1;12)(p32.2;q14.3) and One Case of Lipoma with t(1;6)(p32.2;p21)

Probe identification Locus/chromosomal location/positiona

1p32 probes
RP11-63G10 JUN/1p32.1/59,179,090–59,321,753
RP11-20I22 PPAP2B 50region/1p32.2/57,050,331–57,210,976
CTD-2362O17 PPAP2B/1p32.2/56,944,572–57,040,951
RP11-100M11 PPAP2B/1p32.2/56,926,040–57,085,832
RP11-213P13 PPAP2B/1p32.2/56,881,261–57,050,325
RP11-1089D11 PPAP2B/1p32.2/56,811,847–57,012,937
RP11-97I16 PPAP2B 30region/1p32.2/56,711,452–56,866,789
RP11-606D16 PPAP2B 30region/1p32.2/56,695,211–56,856,280
RP11-485A11 PPAP2B 30region/1p32.3/55,708,546–55,908,106
RP11-154H10 PPAP2B 30region/1p32.3/55,014,287–55,187,057
CTD-2171C24 PPAP2B 30region/1p32.3/50,512,939–50,651,490
RP11-49M17 ACOT11/1p32.3/55,032,301–55,206,162

6p21 probes
CTD-2527O17 HMGA1 30region/6p21.31/34,227,823–34,405,143
CTD-2342D14 HMGA1 30region/6p21.31/34,250,856–34,406,390
RP11-754H10 HMGA1 50region/6p21.31/33,852,410–34,029,251
RP11-661K21 HMGA1 50region/6p21.31/33,841,325–34,029,245

12q14 probes
RP11-118B13 HMGA2 (30UTR)/12q14.3/66,358,701–66,502,988
CTD-2240K5 HMGA2 (exons 4, 5 ; 30UTR)/12q14.3/66,325,027–66,457,979
RP11-427K2 HMGA2 (exons 4, 5 ; 30UTR)/12q14.3/66,323,478–66,481,711
CTC-782I9 HMGA2 (exon 4)/12q14.3/66,235,316–66,355,707
RP11-23C9 HMGA2 (50UTR; exons 1, 2, 3)/12q14.3/66,093,846–66,246,663
RP11-30I11 HMGA2 50region/12q14.3/65,892,238–66,063,441

ahg19, Feb. 2009, GRCh37 Genome 5 Reference Consortium Human Reference 37; http://www.genome.ucsc.edu.
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deparaffinized in xylene and dehydrated in 100%

ethanol. Following proteinase K digestion, total

RNA was extracted using TRIzol reagent (Invi-

trogen) according to the manufacturer’s instruc-

tions. cDNA was synthesized from RNA and

amplified (SuperScript One-Step RT-PCR kit,

Invitrogen) using the following primers: forward

primer HMGA2-2F: 50-AACCGGTGAGCCC

TCTCCTA-30; reverse primer PPAP2B-6R1420

50-GAGCGTCGTCTTAGTCTTGAAG-30. The

reverse transcription-polymerase chain reaction

(RT-PCR) were carried out as follows: 30 min at

55�C, 94�C for 5 min; 94�C for 30 sec, 58�C for

30 sec, 72�C for 30 sec, 72�C for 7 min; 45 cycles.

b-actin-specific primers (ACTIN-F1: 50-ACCAAC
TGGGACGACATGGAGAAA-30 and ACTIN-R:

50-GGGATAGCACAGCCTGGATAGCA-30) were

used for quality control RT-PCR (amplification

of a 196-bp sequence). Aliquots from RT-PCR

products were visualized in a 1% agarose gel

stained with ethidium bromide after electropho-

retic migration. The bands of interest were

extracted from the gel, purified using an ultrafree

DNA column (Millipore, Billerica, MA), cloned

into pCR4-TOPO vector and transformed into

One Shot TOP10 Escherichia coli competent cells

(Topo Cloning Kit for Sequencing, Invitrogen).

The clones were screened by PCR using M13

forward primer (50-GTAAAACGACGGCCAG-30)
and M13 reverse primer (50-CAGGAAACAGC

TATGAC-30) and the clones of interest were

sequenced by using the Sequenase kit version

2.0 (USB, Cleveland, OH).

Quantitative RT-PCR Analysis (qRT-PCR)

Total RNA was extracted from lipomas (six

cases), normal subcutaneous adipose tissue

(NSAT), and human multipotent adipose-derived

stem (hMADS) cells using the RNeasy lipid

tissue mini Kit (Qiagen, Hilden, Germany). The

RNA samples were treated using the DNA-free

kit (Applied Biosystems). The quality of the

isolated RNA was determined using the 2100

BioAnalyser (Agilent Technologies, Santa Clara,

CA) using the RNA 6000 Nano Kit (Agilent

Technologies). One microgram of total RNA was

reverse-transcribed into cDNA using the High

Capacity cDNA Reverse Transcription Kit

(Applied Biosystems). RPLP0 and TBP were used

as endogenous controls for normalization of

experiments in lipomas and hMADS cells,

respectively (Gabrielsson et al., 2005). QRT-PCR

was performed using the following TaqMan gene

expression assays (Applied Biosystems): Hs0017

1569_m1 (HMGA2, exons 1–2), Hs00971724_m1

(HMGA2, exons 3–4), Hs00971725_m1 (HMGA2,
exons 4–5), Hs00170359_m1 (PPAP2B, exons

1–2), Hs01009653_m1 (PPAP2B, exons 4–5),

Hs99999902_m1 (RPLP0), Hs00427620_m1

(TBP). The reaction mix consisted of 10 ll of

TaqMan universal master mix 2�, 1 ll of

TaqMan gene expression assay and 5 ll contain-
ing 5 ng of cDNA in a final volume of 20 ll.

The PCR conditions were as described previ-

ously (Italiano et al., 2008a). The comparative

threshold cycle method was used to achieve relative

quantification of gene expression (Italiano et al.,

2008a). Each q-PCR experiment was performed

three times in duplicate using the ABI PRISM 7500

Detection System (FAM dyes; Applied Biosystems)

according to the manufacturer’s instructions.

Immunohistochemistry

Immunohistochemistry (IHC) studies were per-

formed on 4-lm thick sections of formalin-fixed

paraffin-embedded tissues from 15 lipomas using

a BenchMark XT immunostainer (Ventana, Tuc-

son, AZ) and a rabbit polyclonal antihuman

HMGA2-P1 antibody (Biocheck, Foster city, CA)

at a dilution of 1:500 as described previously

(Bianchini et al., 2011). Well-differentiated

liposarcoma (WDLPS) and adult normal subcuta-

neous adipose tissue samples were used as positive

and negative controls, respectively. The slides

were examined (I.B-P) in a blinded manner.

hMADS Cell Culture and Adipocyte-

Differentiation

hMADS cells were isolated from white adipose

tissue of young donors as described previously

(Rodriguez et al., 2005). Self-renewal properties

and ability of these cells to differentiate into

adipocytes have been extensively described

(Zaragosi et al., 2006). hMADS cells were grown

in Dulbecco’s modified Eagle’s medium

(DMEM) supplemented with 10% fetal calf

serum, 2.5 ng/ml human fibroblast growth factor

(hFGF)-2, 60 lg/ml penicillin and 50 lg/ml strep-

tomycin. hFGF-2 was removed when cells

reached confluence. Adipocyte differentiation was

performed as follows: on day 0, confluent

hMADS cells were cultured in differentiation

medium: DMEM low glucose/Ham’s F12 supple-

mented with the following adipogenic cocktail:

transferrin (10 lg/ml), insulin (5 lg/ml),
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triiodothyronine (0.2 nM), dexamethasone (1

lM), isobutyl-methylxanthine (100 lM) and rosi-

glitazone (1 lM). Three days later (day 3), the

medium was changed: dexamethasone and isobu-

tyl-methylxanthine were omitted.

RESULTS

FISH Positional Cloning Data: Identification of

HMGA2 in 12q14.3, HMGA1 in 6p21 and PPAP2B in

1p32 as Candidate Fusion Genes

We used a FISH-based positional cloning strat-

egy to define the chromosomal breakpoints in 15

cases of lipomas showing simple balanced or com-

plex t(1;12) (cases 1–15) (illustrated for case 3,

Fig. 1A) and the one case showing a t(1;6)

(case16) (Fig. 1D). In cases 1–12, we observed

breakpoints located within the interval containing

HMGA2 framed by probes RP11-30I11 and RP11-

118B13 (chr12: 65,892,238–66,502,988; 12q14.3)

(illustrated for case 3, Fig. 1B). Using a set of

probes spanning HMGA2 (Table 2) in cases 1–10,

we showed that the breakpoints were located

within HMGA2 in all cases except case 9 (Fig.

2A). In case 9, the breakpoint was centromeric to

the 50UTR of HMGA2 (Fig. 2A). Case 13 showed

a deletion of the region delineated by the RP11-

30I11 and RP11-118B13 probes (Supporting

Information Fig. S1) whereas in cases 14 and 15

we did not detect any rearrangement of HMGA2
using these probes.

In case 16, we observed a breakpoint in the

interval between RP11-754H10/RP11-661K21

and CTD-2527O17/CTD-2342D14 probes that

flank HMGA1, indicating a structural rearrange-

ment of HMGA1 (Fig. 1E).

The 1p32 region contains two genes that we

initially considered as candidates: JUN in 1p32.1

[amplified in dedifferentiated liposarcomas

(DDLPS) (Mariani et al., 2007)], and ACOT11 in

1p32.3 (involved in mammalian fatty acid metab-

olism (Kirkby et al., 2010). We observed that the

breakpoints in 1p32 were located neither in JUN
nor in ACOT11. They were located in a telomeric

position with regard to JUN, and in a centromeric

position with regard to ACOT11 within a 1.5 Mb

region delineated by the RP11-485A11 (chr1:

Figure 1. Chromosomal region 1p32 anomalies and genic rearrange-
ments in lipoma cases 3 (A–C) and 16 (D–F). A and D: Partial RHG-
banded karyotypes showing t(1;12)(p32;q14) (A) and t(1;6)(p32;p21) (D).
Arrows indicate the der(1), der(12) (A) and der(6) (D) resulting from
the translocations. B: The dual-color break-apart FISH probes set RP11-
30I11 (HMGA2 50 region; green signal) and RP11-118B13 (HMGA2 30

region; red signal) demonstrates rearrangement of HMGA2 region. The
arrows indicate der(1) (red signal) and der(12) (green signal), respectively.
Overlapped green/red signals correspond to the normal allele (arrow-
head) on 12q14.3. C and F: The dual-color break-apart FISH probes set
RP11-485A11 (telomeric to the PPAP2B 30UTR region; green signal) and

RP11-20I22 (flanking the PPAP2B 50UTR region; red signal) demonstrates
rearrangement of PPAP2B region. The arrows indicate der(1) (red signal),
der(12) (green signal) (C) and der(6) (F), respectively. Overlapped green/
red signals correspond to the normal allele (arrowhead) on 1p32.2. E:
The dual-color break-apart FISH probes set RP11-754H10/RP11-661K21
(flanking HMGA1 50 region; red signal) and CTD-2527O17/CTD-
2342D14 (flanking HMGA1 30 region; green signal) demonstrates rear-
rangement of HMGA1 region. Arrows indicate der(1) (red signal) and
der(6) (green signal), respectively. Overlapped green/red signals corre-
spond to the normal allele (arrowhead) on 6p21. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com.]
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55,708,546-55,908,106; 1p32.3) and RP11-20I22

(chr1: 57,050,331–57,210,976; 1p32.2) BAC probes

(illustrated by a split signal of these probes for

case 3 in Fig. 1C and case 16 in Fig. 1F). We

narrowed down the breakpoints more precisely in

cases 1–10 and case 16 (Fig. 2B). According to

the genome map, a single gene in this region was

correctly oriented to potentially produce a fusion

transcript with HMGA2: PPAP2B (Phosphatidic
Acid Phosphatase type 2B). In cases 1–10 and

case 16, the breakpoints were spread out in a

region of approximately 1.3 Mb flanked by

BAC probes RP11-485A11 and CTD-2362O17

(Fig. 2B). This region was telomeric of PPAP2B
30UTR. In case 10, we observed a split signal on

der(12) and der(1) using CTD-2362O17 BAC

probe that spans PPAP2B (Fig. 3B) suggesting

that this case might present a fusion of HMGA2
with PPAP2B.

RT-PCR and Sequencing Analysis of

HMGA2-PPAP2B Transcript in Case 10

The sequencing of the RT-PCR product

obtained using a forward primer for HMGA2 in

exon 2 and a reverse primer for PPAP2B in

exon 6 showed an in-frame fusion of the 30UTR

of HMGA2 with exon 6 of PPAP2B (Figs. 3D

and 3E).

Q-RT-PCR Analysis of HMGA2 and PPAP2B

Expression

Q-RT-PCR was done for cases 1, 2, 4, 5, 8, 11,

and 12 frozen samples of which were available.

We observed a strong overexpression of HMGA2
mRNA compared to NSAT in seven of seven

cases that always included expression of exons 1

and 2 (Fig. 4A). The fold changes ranged from

231 (case 4) to 4749 (case 11). Exons 3 and 4

were overexpressed in three of seven cases (43%)

whereas exon 5 was overexpressed in only two

cases (29%). For PPAP2B mRNA expression anal-

ysis, probes for exons 1–2 and exons 4–5 gave

roughly similar results. In contrast to the consist-

ent overexpression of HMGA2 in all cases,

PPAP2B expression was variable: cases 1, 2 and 5

showed a slight overexpression, cases 4 and 8

showed a decreased expression, and no variation

Figure 2. Schematic illustration of the location of the breakpoints
on 12q14.3 (A) and 1p32.2 (B) identified by FISH analysis using a se-
ries of BAC probes. Horizontal lines delineate the regions of the
breakpoints as determined by FISH analysis using the BAC probes
mentioned on the scheme. A: Characterization of the 12q14.3 break-
points in 10 cases of lipomas with t(1;12)(p32.2;q14.3) (cases 1–10).

B: Characterization of the breakpoints on 1p32.2 in nine cases of lip-
omas with t(1;12)(p32.2;q14.3) (cases 1–8 and 10) and one case of
lipoma with t(1;6)(p32.2;p21) (case 16). Case 9 presented a deletion
of the region delineated by the RP11-606D16 and RP11-100M11
probes and is therefore not represented on the scheme.
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of expression was detected in cases 11 and 12

(Fig. 4B).

Expression of HMGA2 Detected by IHC

We showed that HMGA2 rearrangement in case

10 led to expression of HMGA2 protein (Fig.

3C). We also detected HMGA2 protein expres-

sion in all t(1;12) cases analyzed (cases 1 to 15)

including case 13 showing a deletion of the

HMGA2 region (Supporting Information Fig. S1)

and the two cases without HMGA2 rearrangement

(cases 14 and 15) (data not shown).

FISH Analysis of the 1p32.2 Region in a Series of

WDLPS/DDLPS

We have analyzed by FISH 10 cases of

WDLPS/DDLPS presenting an amplification of

MDM2 including seven cases showing a co-ampli-

fication of JUN. None of these cases showed an

amplification of PPAP2B (using the RP11-

1089D11 probe) (data not shown), indicating that

PPAP2B does not belong to the JUN amplicon in

WDLPS/DDLPS.

PPAP2B Expression in hMADS Cells

PPAP2B codes for a lipid phosphate phospha-

tase. We therefore assumed that it might play a

role in human adipogenesis. To test this hypothe-

sis, we used the hMADS cells as a model for adi-

pocyte differentiation. As shown in Figure 5, the

expression of PPAP2B was significantly downre-

gulated during adipogenic differentiation. The

effect was detected late during adipocyte differ-

entiation since PPAP2B expression was inhibited

7 days after treatment of hMADS cells with the

adipogenic cocktail.

DISCUSSION

Translocation t(1;12)(p32;q14) has been previ-

ously reported in lipomas (Mitelman et al., 2012)

but it had not been explored at the molecular

level. In our series of karyotyped lipomas, this

rearrangement appeared to be the second most

Figure 3. A-B: FISH analysis of HMGA2 (A) and PPAP2B (B) in case 10
using CTD-2240K5 (red signal) and RP11-427K2 (green signal) probes that
span the same region of HMGA2 exons 4 and 5 and 30UTR (A) and CTD-
2362O17 (green signal) that spans the PPAP2B gene (B). Fission of HMGA2
(A) is demonstrated by split red and green signals on der (12) and der (1)
(arrows). Fission of PPAP2B (B) is demonstrated by split green signals on
der (12) and der (1) (arrows). The normal alleles are indicated by arrow-

heads. C: analysis of the HMGA2 protein by IHC on a representative sec-
tion of case 10. The arrows indicate a nuclear staining of the HMGA2
protein. D: chromatogram showing the in-frame fusion of HMGA2 (30UTR)
with PPAP2B (last exon) mRNA in case 10. E: scheme representing the
HMGA2-PPAP2B fusion transcript resulting from the t(1;12)(p32.2;q14.3) in
case 10. Asterisk indicates a stop codon. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]
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frequent after that of t(3;12). We evaluated the

frequency of this translocation to be approxi-

mately 4% of lipomas with abnormal karyotypes.

We have demonstrated that PPAP2B is the

translocation partner of HMGA2 in lipomas har-

boring this recurrent t(1;12) translocation.

PPAP2B, also called LPP3 for Lipid Phosphate
Phosphatase 3 (the acronym’s similarity to LPP-
Lipoma Preferred Partner is fortuitous), belongs to

the lipid phosphate phosphatases family which

comprises three members: LPP1, LPP2 and

LPP3. PPAP2B codes for a membrane glycopro-

tein containing six transmembrane domains

widely expressed in human tissues (Sigal et al.,

2005) that hydrolyses lipid phosphates including

lysophosphatidic acid (LPA) and sphingosine

1-phosphate. Invalidation of the murine Ppap2b
gene results in embryonic lethality due to defects

in both vasculogenesis and patterning during

early development (Escalante-Alcalde et al.,

2003). PPAP2B was also reported to play a critical

role in neuron differentiation and neurite out-

growth (Sanchez-Sanchez et al., 2012). LPA and

sphingosine 1-phosphate are bioactive lipids that

can induce proliferation, survival, and invasive-

ness in certain cell types and PPAP2B might

exert an anti-tumorigenic effect by limiting LPA

signalling. Overexpression of PPAP2B has been

shown to decrease growth, survival, and tumori-

genesis of ovarian cancer cells (Tanyi et al.,

2003). A limited number of studies have reported

the potential involvement of PPAP2B in tumori-

genesis: PPAP2B has been identified as a Myc-

bound locus in medulloblastoma cells (Zhou

et al., 2010) and shown to regulate tumor growth

via b-catenin and cyclin D1 signaling in glioblas-

toma (Chatterjee et al., 2011).

We have shown that in nine out of 10 t(1;12)

cases and one t(1;6) case, the breakpoints were

located in 30 extragenic region flanking PPAP2B
30UTR, in a distance range of 100–800 kb. Case

10 was the only one presenting a breakpoint

within the PPAP2B gene resulting in fusion of

the last exon of PPAP2B (exon 6) with the

HMGA2 30UTR. The potential consequences of

extragenic breakpoints in the alteration of expres-

sion of PPAP2B are not known. Data reporting

expression of PPAP2B in adult human tissues are

scarce. PPAP2B mRNA appear widely distributed

(Kai et al., 1997; Humtsoe et al., 2003; Sigal

et al., 2005). Expression profiles based on detec-

tion of EST (expressed sequence tag) transcripts

Figure 4. Expression patterns of exons 1–2, exons 3–4, and exons
4–5 of HMGA2 (A) and exons 1–2 and exons 4–5 of PPAP2B (B) using
qRT-PCR in seven lipomas with t(1;12)(p32;q14.3). HMGA2 and
PPAP2B mRNA were expressed as fold changes relative to expression
in NSAT from control individuals. Data for HMGA2 expression are
from an experiment representative of three independent experi-
ments. Data for PPAP2B expression are presented as means � S. E. of
three independent experiments.

Figure 5. Expression pattern of exons 1–2 and exons 4–5 of
PPAP2B using qRT-PCR during adipocyte-differentiation of hMADS
cells. PPAP2B mRNA was expressed as fold changes relative to
expression in undifferentiated hMADS cells (Day 0: D0). Data are
presented are means þ/� S.E. of three independent experiments.
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in human adult tissues show heterogeneous levels

of expression: in particular, vascular system, pla-

centa, prostate, lymph node, and mammary gland

express high levels of PPAP2B whereas skin,

spleen and thymus show no expression (Sigal

et al., 2005). In the absence of currently available

reliable antibodies for IHC studies, we explored

the expression of PPAP2B mRNA in NSAT and

lipomas using qRT-PCR. We found that PPAP2B
mRNA was quite abundant in NSAT. The

expression levels in t(1;12) lipomas were also sig-

nificant but variable. They were apparently not

correlated to the presence or absence of the

t(1;12) translocation. Therefore these data need

to be extended to additional cases. It can be

hypothesized that only a slight alteration of

PPAP2B expression levels, sufficient for giving a

selective advantage to tumor cells but difficult to

detect, might result from the genomic rearrange-

ment. It can also be hypothesized that the rear-

rangement does not impact PPAP2B expression

but only affects HMGA2. Indeed, some studies

suggest that the critical event leading to HMGA2
oncogenicity relies on its truncation, regardless of

the nature of the fused sequences (Fedele et al.,

1998; Arlotta et al., 2000). However, an intrinsic

role for fusion partners has also been suggested.

For instance, the HMGA2-LPP fusion transcript

always contains at least the last three exons of

LPP leading to the expression of either two or

three LIM domains of the LPP protein, domains

that have a function in cell migration, prolifera-

tion and transcription [reviewed in (Grunewald

et al., 2009)]. Moreover, Kubo et al. (2009) have

reported three cases of lipomas with t(3;12) for

which the only transcript they could detect using

RT-PCR was the reciprocal LPP-HMGA2 tran-

script suggesting a role for LPP in the tumorigen-

esis of these lipomas.

The location of the HMGA2 breakpoints in our

t(1;12) series was variable. It was intragenic for

all cases except in case 9 that showed an extra-

genic 50 breakpoint (Fig. 2). In case 10, we have

found that the rearrangement fuses the 30UTR

region of HMGA2 with exon 6 of PPAP2B. Break-
points occurring in the 30UTR of HMGA2 have

been previously described in three cases of lipo-

mas (Schoenmakers et al., 1995; Wang et al.,

2009) as well as in other types of tumors, such as

leiomyomas (Quade et al., 2003), pleomorphic

adenomas (Geurts et al., 1997), polycythemia vera

(Storlazzi et al., 2006) and paroxysmal nocturnal

hemoglobinuria (Inoue et al., 2006). Interestingly,

the breakpoint that we have identified in case 10

(80 bp downstream of the stop codon) is very

close to the breakpoints reported in two lipomas

described by Wang et al. (2009) which were 97

and 106 bp downstream to the stop codon,

respectively. Moreover, Medeiros et al. (2007)

have reported a breakpoint occurring in HMGA2
at the same position as in case 10 in a case of

aggressive angiomyxoma presenting a t(1;12)

(p32;q14). The authors have located the break-

point in the 1p32 region 496 bp downstream from

the PPAP2B 30UTR. This indicates that PPAP2B
rearrangements might be involved in tumors

other than lipomas. We showed a strong overex-

pression of HMGA2 mRNA (at least exons 1 and

2) and protein in all t(1;12) cases, including case

13 that harbored a deletion of the HMGA2 region

and cases 14 and 15 without detectable rearrange-

ment of this region (Table 1). In case 10, we can

predict from the sequencing of the fusion tran-

script an expression of the full length HMGA2

protein. Note that the breakpoint in the HMGA2
30UTR was located downstream from the first let-
7 microRNA (miRNA) binding site. The 30UTR

of HMGA2 indeed contains multiple binding sites

for the let-7 family. Targeted mutations of these

binding sites or functional inactivation of let-7
result in upregulation of HMGA2 (Lee and

Dutta, 2007; Mayr et al., 2007). Our results con-

firm that deletion of the let-7 binding sites results

in HMGA2 overexpression. They also demon-

strate that elimination of the first let-7 binding

site is not critical for upregulation of HMGA2 as

reported by Wang et al. (2009).

Interestingly, PPAP2B also appears to be a trans-

location partner for HMGA1 in a t(1;6)(p32;p21)

case suggesting that HMGA1 might play a role simi-

lar to that of HMGA2 in t(1;6) lipomas.

We have demonstrated previously that NFIB is

a recurrent fusion partner of HMGA2 in lipomas

(Italiano et al., 2008b). NFIB is involved in the

pathogenesis of benign tumors but also in malig-

nant tumors such as the adenoid cystic carcino-

mas of the breast and salivary glands (Marchio

et al., 2010). Interestingly, besides its role in tu-

morigenesis, NFIB has recently been shown to

play a role in adipocyte differentiation (Waki

et al., 2011). Our hypothesis was that it might

also be the case for PPAP2B. To test this hypoth-

esis, we used the hMADS cells as a model for

adipocyte differentiation. These cells exhibit the

characteristics of mesenchymal stem cells and

they can in vitro differentiate into cells that dis-

play a unique combination of properties similar,

if not identical, to those of native human
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adipocytes (Bezaire et al., 2009; Poitou et al.,

2009). Our results showed that differentiation of

hMADS cells in adipocytes was associated with a

strong down regulation of PPAP2B expression

suggesting that PPAP2B might play a role in

human adipogenesis. Our results validate in a

human model the results obtained on the mouse

preadipocyte cell line 3T3F442A (Simon et al.,

2002). The involvement of PPAP2B in adipogen-

esis might occur through the control of LPA pro-

duction. Indeed, Simon et al. (2002) have shown

that down regulation of PPAP2B during differen-

tiation of 3T3F442A preadipocytes into adipo-

cytes is concomitant to and might be responsible

for a strong reduction in LPA phosphatase activ-

ity resulting in an increased production of LPA

by the adipocytes.
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