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Ectopic Sequences From Truncated HMGIC in
Liposarcomas Are Derived From Various
Amplified Chromosomal Regions
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The HMGIC gene codes for an architectural transcription factor frequently rearranged by translocation in lipomas and other
benign mesenchymal tumors. In sarcomas, malignant tumors of mesenchymal origin, the gene is also found to be rearranged,
but in addition amplified and overexpressed. Here we report the sequence, chromosomal localization, and expression patterns
of Il novel ectopic sequences fused to exons 2 and 3 of HMGIC in seven different sarcoma samples. In addition, we identified
a number of variant transcripts observed previously in benign tumors. Consistent with the suggested role of HMGIC in
adipocytic differentiation, most of the novel ectopic sequences were observed in well-differentiated liposarcomas. These
tumors are known to have complex marker chromosomes containing amplified segments from several chromosomes. Five
novel sequences were derived from 12q14—ql5, where HMGIC resides, two from 1q24, a region frequently amplified in these
types of tumors, two from | 1ql4, and one from chromosome 2. All except one of the aberrant transcripts encoded truncated
proteins with intact DNA-binding domains (AT hooks) but lacking the C-terminal acidic region, a target for constitutive
phosphorylation by protein kinase CK2. Some of the ectopic sequences were transcribed in other tissues, and most of the

ectopic sequences also showed recurrent amplification in liposarcomas.

INTRODUCTION

The high-mobility group protein HMGIC is
characterized by three DNA binding domains (AT
hooks) with the ability to bind DNA at A'T-rich
regions. The protein acts as an architectural tran-
scription factor, modulating DNA conformation
(Mantovani et al., 1998; Schwanbeck et al., 2000).
Rearrangement of the HMGIC gene by reciprocal
translocations is frequently observed in benign tu-
mors like lipomas, lung hamartomas, uterine
leiomyomas, endothelial polyps, fibroadenomas,
and adenolipomas of the breast (Ashar et al., 1995;
Kazmierczak et al., 1995, 1996; Schoenmakers et
al., 1995). In most of these cases, the translocation
breakpoints occur after exon 3, resulting in a chi-
meric transcript containing exons 1 to 3, coding for
the DNA binding domains (AT hooks), fused to
various sequences. Because various partner chro-
mosomes are involved, it is thought that the loss of
the C-terminal end of HMGIC is important, rather
than the various novel sequences added (Fedele et
al., 1998). In a functionally related family member,
HMGI(Y), the C-terminal part of the protein is a
target for constitutive phosphorylation by protein
kinase CK2 and it appears to be important for
proper conformation and function, since phosphor-
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ylation reduces the DNA binding affinity (Wang et
al., 1995).

In contrast to the intragenic breakpoints fre-
quently observed in lipomas, a significant number
of leiomyomata with t(12;14) contain aberrations
outside the transcribed part of the HMGIC locus.
These rearrangements show breaks 10-100 kb up-
stream of HMGIC, suggesting the disturbance of
regulatory sequences, which leads to an abnormal
expression of wild-type HMGIC (Schoenberg Fejzo
et al., 1996). Recent studies of uterine leiomyomas
with t(12;14) indicates that upstream rearrange-
ment also can lead to structural changes of the
HMGIC region, showing preferential fusion of
HMGIC with the RAD51B gene (Schoenmakers et
al., 1999). However, in these cases, it seems that
the RADS5IB, involved in DNA repair, may be
functionally important, and in these tumors it is the
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3" part of the HMGIC that is included in fusion
transcripts as a result of aberrant splicing.

HMGIC 1s highly expressed during embryogen-
esis, in transformed cells and human tumors, but
not at significant levels in normal adult tissues
(Rogalla et al., 1996; Gattas et al., 1999). Direct
evidence for a role for HMGIC protein in cellular
transformation was demonstrated by the expression
of an antisense HMGIC mRNA, preventing the
transformation of thyroid cells by v-mos and [v-/Ki-
ras oncogenes (Berlingieri et al., 1995). More re-
cently, it was demonstrated that overexpression of
a truncated form of HMGIC protein, containing
the three DNA binding domains with or without an
ectopic C-terminal peptide, is capable of causing
neoplastic transformation of NIH3'T3 cells (Fedele
et al., 1998).

We have shown that HMGIC is frequently am-
plified and overexpressed in human sarcomas, ma-
lignant tumors of mesenchymal origin (Berner et
al., 1997). In some cases, we also detected several
HMGIC transcripts of aberrant size that lack 3’
sequences, and identified a chimeric product with
an ectopic sequence fused to the DNA binding
domains in one sample. This transcript encoded a
truncated protein lacking the C-terminal acidic re-
gion, similar to the HMGIC fusions from benign
mesenchymal tumors.

In this study, we have further analyzed aberrant
HMGIC transcripts from 13 human sarcomas. We
report the cloning and structure of 11 novel ectopic
sequences fused to HMGIC exons 2 and 3 and
describe their chromosomal origin as well as ex-
pression and amplification status in sarcoma sam-
ples.

MATERIALS AND METHODS

Specimens

Twenty-five human sarcomas and three normal
tissues (breast, placenta, and muscle) were used in
this study. The clinical samples chosen had previ-
ously been screened for amplification and rear-
rangement of HMGIC (Berner et al., 1997). The
sarcoma samples examined were 1 hemangioperi-
cytoma (HP), 1 fibrosarcoma (FS), 1 nonclassified
sarcoma (NCS), 2 malignant fibrous histiocytomas
(MFH), 2 malignant peripheral nerve sheath tu-
mors (MPNST), 1 osteosarcoma cell line (OSA)
(Roberts et al., 1989), 1 rhabdomyosarcoma cell
line (RMS13) (Roberts et al., 1989), 2 osteosarco-
mas (OS), and 14 liposarcomas (L.S), including 7
well-differentiated liposarcomas. From 1.S22, two
different tumors were analyzed, [.S22-OS and

LS22-2a. 1LS22-OS was from a recurrent tumor,
which showed well-differentiated areas with be-
nign ossification. [.S22-2a was from a metastatic
lesion in the left lung. Clinical specimens were
collected immediately after surgery, cut into small
pieces, frozen in liquid nitrogen, and stored at
—70°C until use. Nine samples tested were grown
subcutaneously in immunodeficient mice as xeno-
grafts (suffix “x”). All tumors were classified ac-
cording to the WHO International Histological
Classification of Tumors (Schajowicz, 1993; Weiss,
1994).

Rapid Amplification of cDNA Ends (3’ RACE)

RACE amplification of the 3’ end ectopic se-
quences was performed as previously described
(Berner et al., 1997). Briefly, first-strand cDNA
synthesis was performed using an adapter primer
(3" RACE System, Gibco-BRL). PCR amplification
of the 3’ end of HMGIC was achieved using a
gene-specific primer and a universal amplification
primer. The second round of amplification used a
nested gene-specific primer. Cloning of the ampli-
fied products was performed using the CloneAmp
system (Gibco-BRL). Determination of the se-
quence content of the amplified fragments was
accomplished by cycle sequencing using dye ter-
minator chemistry (Amersham Pharmacia Biotech)
and an ALFexpress automatic sequencer (Amer-
sham Pharmacia Biotech).

Southern Blot Analysis

DNA extraction from tumor samples, prepara-
tion of blots, hybridization, and a stripping proce-
dure were performed as described previously
(Forus et al., 1993). Probes were sequentially hy-
bridized to two identical filters. Scoring of the sig-
nal intensities was done visually. Relative signal
intensity at least threefold stronger than those ob-
tained from the normal control (peripheral blood
leukocytes) was scored as amplification. The sig-
nals from specific bands were corrected for unequal
sample loading by comparison to an APOB (2p24)
control probe. Previous work has shown no ampli-
fication of this chromosomal region in our sarcoma
panel (Forus et al., 1995a, 1995b; Simons et al.,
2000); in addition, CGH analysis of liposarcoma
from other groups showed no recurrent alterations
in 2p24 (Szymanska et al., 1996; Parente et al,,
1999).

Northern Blot Analysis

RNA isolation from clinical samples, electro-
phoresis, transfer to nylon membranes, and hybrid-
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ization were performed as described (Forus et al.,
1993). Probes were sequentially hybridized, and
signals from an 18S rRNA oligonucleotide were
used to correct for unequal sample loading.

Screening of Genomic Library

A P1 artificial chromosome library (RPCI-1) was
screened by Southern hybridization. The high-
density gridded library was initially screened using
a pool of radioactive-labeled ectopic sequences as
probes. Positive clones were reprobed sequentially
using individual ectopic sequences to identify the
corresponding PACs for each probe. The first and
second screening of the library was performed as
previously described (Groet et al., 1998).

Probes

Probes corresponding to each ectopic sequence
were obtained by PCR amplification of the desired
region from the cloned RACE products. Enzymatic
amplification of the ectopic sequences was per-
formed using an HMGIC-specific primer comple-
mentary to the terminal segment of exon 3 and the
SP6 promoter primer present in the pAMP1 clon-
ing vector (Gibco-BRL). As probe for HUGIC, we
used the 5 end of the genes, including the com-
plete protein coding region (Schoenmakers et al.,
1995; Berner et al., 1997). The control probe APOB
(clone pB27) gene was kindly provided by D.J.
Breslow (Huang et al., 1985).

Fluorescence In Situ Hybridization

Normal metaphase chromosomes from periph-
eral leukocytes and interphase nuclei from frozen
tumor tissues were prepared as described (Forus et
al., 1998). PAC DNA was isolated according to
standard procedures and labeled with biotin-14d-
ATP or digoxygenin-11-dUTP (Roche Biochemi-
cal) by nick translation. For each hybridization,
200-500 ng of labeled DNA was prehybridized
with a 50- to 100-fold excess of human Cot-1 DNA.

Slides were treated with pepsin (4 mg/ml) for
10 min (metaphases) or 20 min (interphases) at
37°C and washed in PBS, then with 1% formalde-
hyde in PBS for 10 min at room temperature.
Slides were denatured in 70% formamide/2 X SSC
for 1.5 min at 70°C (metaphases) or 2 min at 74°C
(interphases), and hybridization and washes were
as described previously (Forus et al., 1998). For
detection of digoxygenin, we used fluorescein iso-
thiocyanate (FI'TC)-conjugated sheep antidigoxy-
genin antibody (Roche Biochemicals) followed by
FITC- or ALEXA488-labeled donkey antisheep
(Molecular Probes, The Netherlands). Detection

of biotin-labeled probes was performed using avi-
din-conjugated Cy3 (Amersham Pharmacia Bio-
tech).

Hybridized slides were examined visually using
a Zeiss Axioplan microscope equipped with appro-
priate single bypass filters for excitation of DAPI,
double bypass filters for DAPI/FITC and DAPI/
rhodamine (Cy3), and triple bypass filters for exci-
tation of DAPI/FITC/rhodamine (Cy3). For each
probe, localization of the signal was evaluated in at
least 10 metaphases, and copy numbers were eval-
uated in at least 200 nuclei. Images were captured
using a Leica DMR microscope (Wetzlar, Ger-
many) coupled to a Photometrics camera and soft-
ware (Photometrics, Tucson, AZ).

RESULTS

Isolation and Characterization of 3’ Ectopic
Sequences

Thirteen sarcomas with identified aberrations in
HMGIC or its mRNA (Berner et al., 1997) were
selected for this study (Table 1). From all of these,
RACE products could be generated using nested 5’
primers from HMGIC exon 1, and further cloned
and sequenced (Table 1). Both in the additional
clinical samples and in the two normal tissues
(breast and placenta), we detected variant species
of HMGIC mRNA that have been described previ-
ously (LM-30.1, Li-538, L.i-192) (Schoenmakers et
al., 1995; Kottickal et al.,, 1998). Novel ectopic
sequences fused to exon 2 or 3 of HMGIC were
obtained from seven tumors and were denoted
FHSn, for fused to HMGIC in sarcomas, as decided
previously (Table 1) (Berner et al., 1997).

The nucleotide sequence of the novel fusion
transcripts revealed that all except FHS4 contain
exons 1, 2, and 3 of HMGIC fused to ectopic se-
quences. These sequences coded for novel amino
acids replacing the acidic domain at the C-terminal
end of the HMGIC protein (Tables 1 and 2). FHS4
was fused to exon 2 of HMGIC and added 49 new
amino acids C-terminally (Table 2). Interestingly,
the FHS4 sequence was part also of FHS3, which
in addition to exon 3 contained 386 bp 5’ to FHS4.

When the ectopic sequences were compared to
Genbank, FHS2 showed identity at the nucleotide
level to the human NOTZ2 gene, a negative tran-
scriptional regulator (Albert et al., 2000). The de-
duced open reading frame for the fused transcript
included the N-terminal portion of HMGIC (exons
1-3) fused in frame to the C-terminal domain of
NOTZ2 (Table 2). No homology to previously de-
scribed genes was identified for the remaining 10
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TABLE I. Sequences Fused to HMGIC Transcripts

RACE results HMGIC®
Sample® Breakpoint® Sequence? Size® Amplification Rearrangement
HPIx Exon 4 LM-30.1 174 bp A R
LS2 Exon 3 FHS2 85 bp A
Exon 3 FHS3 533 bp
Exon 2 FHS4 147 bp
LSé6 Exon 3 Li-192 77 bp A
LS9 Exon 3 Li-192 77 bp N
Exon 3 FHS5 195 bp
Exon 4 LM-30.1 174 bp
LSIlI Exon 3 Li-192 77 bp A R
Exon 3 FHS6 150 bp
LSI3 Exon 3 FHS7 153 bp N
Exon 3 FHS8 130 bp
LS22-0OS Exon 3 Li-192 77 bp A R
Exon 3 LM-30.1 174 bp
Exon 3 FHS9 198 bp
LS22-2a Exon 3 Li--538 383 bp A Not determined
Exon 3 Li-192 77 bp
Exon 3 FHSI10 200 bp
Exon 4 LM-30.1 174 bp
LS28x Exon 3 FHSI | 25 bp A R
Exon 3 FHS 12 206 bp
LS35x Exon 3 Li-192 77 bp N
Exon 4 LM-30.1 174 bp
LS38 Exon 3 Li-192 77 bp A
Exon 4 LM-30.1 174 bp
LS4l Exon 3 FHSI 157 bp A
LS42 Exon 4 LM-30.1 174 bp A
Breast Exon 4 LM-30.1 174 bp N
Placenta Exon 4 LM-30.1 174 bp N

?HP, hemangiopericytoma; LS, liposarcoma.
®Previously described in Berner et al. (1997).
“Ectopic sequence fused to HMGIC exon 2, 3, or 4.

9LM-30.1, Li-538, and Li-192 have previously been described (Schoenmakers et al., 1995). FHS| was described previously (Berner et al., 1997).

<Size of the cloned ectopic sequence fused to HMGIC.

ectopic sequences, but 3 ectopic sequences, FHS1,
FHS3, and FHS4, showed identity to expressed
sequence tags (ESTs) (accession numbers
AA084073, AI916807, and AI655157, respectively,
among others). Sequences corresponding to FHSS
(from LS9), FHS7 (from [LS13), and FHS8 (from
[L.S13) identified sequences derived from P1 artifi-
cial chromosome clones (PACs) from 1q24, thus
giving immediate chromosomal localization (Table
2). In the same way, different genomic clones from
chromosome 2, 11q14, 12q, and 15, were identified
for other ectopic sequences by sequence homology
search (Table 2).

Chromosomal Localization of Origin of Ectopic
Sequences

Specific genomic clones for seven ectopic se-
quences were identified by screening of a P1 arti-
ficial chromosome library (Table 2). The isolated

PACs were used in FISH experiments to deter-
mine the chromosomal origin of the corresponding
ectopic sequences (Table 2, Fig. 1). Most of the
sequences were derived from 12 q13—-q15, where
the HMGIC gene is located. Three ectopic se-
quences, FHS5, FHS7, and FHSS, generated from
two different clinical samples, were localized to
1q24, and for the first two, the localization by FISH
could be confirmed by sequence search in genome
databases (Table 2). The PAC (2M17) detected
with FHS6 was localized by FISH to chromosome
band 12q14. On the other hand, the sequence of
FHS6 was contained in BAC RP11-3661.20, sup-
posedly localized to chromosome 15 (accession
number AC022608). However, further analysis of
RP11-3661.20 revealed that it also contained the
HMGIC gene, indicating that the localization to
chromosome 15 was an error.
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TABLE 2. Liposarcoma-Associated Fused Sequences: Deduced Amino Acid Sequence and Chromosomal Origin

Genomic clone Chromosomal origin

Accession
Ectopic number Accession
sequence ESTs* C-terminal sequence® BAC or PAC number By sequence By FISH
FHSI U73513° AQRRGHVRTW 238Gl6 12q14-15
(LS41) AA084073 RPI1-401110  ACO025157 12q
AL040600
FHS2 BE352844 EFHLEYDKLEERPHLPSTFNYNPAQ 273)24 12q14.3
(LS2) QAF RPI1-588H23 AC025569 12q
RPI1-792C16 ACOI1612 12q
FHS3 BE352845 GFRQAVSPRPV
(LS2) Al916807 RPI1-762L8 AP00I148 Ilql4
Al073989 RPII-185]12  ACOI8915 Il
FHS4¢ BE352846 AAQGLGMGSSFIMAAGVLLTQPC RPI1-762L8 AP00I148 Ilql4
(LS2) Al655157 CCSMTLCTKLFSSVMNSGNNKYFISA  RPII-185J)12  ACOI8915 Il
A1218035 RPI1-625M1 ACO021168 11
FHS5 BE352847 | 94B2 1q24
(Ls9) 304J10 1q24
RPI1-58A9 ALO31285  1q24.1-q24.3
135112 AC003I115 |
FHS6 BE352848 CDKAEHPRDMLQVS 2MI17 12q14
(LSIT1) RPI1-366L20  AC022608 |5
RPI1-677M24  AC021472
FHS7 BE352849 HCSQ 50C7 1q24
(LSI13) RP1-79C4 797200 1q24 1q24
FHS8 BE352850 EKNLFILSVT
(LS13) RPI1-545110  AL162399  1q24
FHS9® BE352851 ACEILNKEPTKFCPDFSLTEQ
(LS22-0O5S) RPI1-389FI8  ACO021781 2
FHSI10 BE352842 PGS 41Cé 12q14
(LS22-2a) RPI1-677M24  AC021472
FHS| |%¢ QGLAGPGS
(LS28x)
FHSI12 BE352843 STCPSAVNVMRGPCWEHVLLGI 142B23 12q13-14
(LS28x) SPSLCPVPTPPRRCSCSEPTPHLS

EATQRAPCGQSWILALNKKSESWEG

*Accession number of novel ectopic sequences (bold) and ESTs.

PEctopic amino acid sequence, continuation of the ORF of HMGI-C after exon 2 or 3.

“Previously described (Berner et al., 1997).
“Not screened for genomic clone.

*No accession number or chromosomal localization assigned due to short length of the sequence.

Copy Number Determination by Southern Blot
and FISH Analysis

We have further analyzed whether the eight ec-
topic sequences were amplified in a panel of 19
sarcomas by Southern blot analysis (Figs. 2 and 3).
Seven out of eight FHS sequences analyzed were
found to be amplified in the sample from which
they were cloned, whereas the last sample, FHS7,
could not be analyzed in the original tumor. How-
ever, all eight were amplified in additional sarcoma
samples (Fig. 3). Ectopic probes generated from
LS11 (FHS6), LS22-2a (FHS10), and LS28x
(FHS12; Figs. 2 and 3), all originating from 12q14,
detected amplification in a larger number of clinical
samples than those from [L.S41 and LS13 (FHS1
and FHS7; Fig. 3). However, all probes detected

amplification in multiple samples (Fig. 3), indicat-
ing that they represent recurrently amplified re-
gions.

A selected group of PACs representing FHS
sequences with 12q14 and 1q24 origin were used
for interphase FISH analyses in one pleomorphic
and four well-differentiated liposarcomas (Figs. 1
and 4). Increased numbers of signals were detected
in more than 60% of the nuclei for almost all sam-
ples. Thus, the corresponding genomic regions were
consistently overrepresented in this group of tumors.

Northern Blot Analysis

In several cases, tumors with amplification ex-
pressed a population of HMGIC mRNAs (Fig. 2),
some of which were much larger than the wild-type
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12q14
41C6 (FHS10)

1924
RP11-58A9 (FHS5)

RP1-79C4 (FHS7Y)

LS3 LS6

Figure 1. Chromosomal localization and detection of ectopic se-
quence amplification by FISH analysis. a and b: Cy3 (red)- and FITC
(green)-labeled PAC RPI1-58A9 and RPI-79C4 were hybridized to
normal metaphase chromosomes. A strong signal was detected on
1924, revealing the chromosomal origin of FHS5 and FHS7 (arrow-
heads). ¢ and d: PACs 41Cé and 273J4 were localized to 12ql4

a. b.

FHS10 -- “

N 95 Kb I

HMGI-C

- 25Kb ' !
FHS12 —-—
1.2Kb " '

273J4 (FHS2)

LS6 LS2

(arrowheads). PACs were also hybridized to interphase nuclei from
sarcoma samples. e and f: Amplification detected with PACs RPI1-58A9
and RP1-79C4 in interphase nuclei from LS3 and LS6, respectively, and
(g and h) with PACs 41Cé and 273}4 in LS6 and LS2, respectively. LS,
liposarcoma.

FHS10 (LS22-2a)

FHSE (LS11)

APOB e e W - wsna * A AAR~-B-Ra80 gaa~-Betgpe
;ﬁf}}!%’:gﬁé" § e}‘%%’:ﬁ 3‘?‘ 3 —wcﬁi‘;}"%‘:.‘i’ﬁ"Ff;‘ﬁ
15774 PREEEEEETHEF ERRTELE] FE N SRLELELI P

Figure 2. Southern and Northern blot hybridization showing ampli-
fication and overexpression of ectopic sequences. a: Representative
Southern blot hybridizations demonstrating amplification of FHS10 and
FHSI2. A weak signal was observed on the normal leukocyte DNA
(Normal) for each of the ectopic sequences tested. Different degrees of
amplification were seen in clinical samples. Hybridization with a probe
for APOB was used to correct for unequal sample loading. An “A” below
the panel indicates that the corresponding ectopic sequence is amplified

transcript, and by RACE we probably selected only
the 5 part of some representatives of these popu-
lations. We thus investigated whether probes from
the ectopic parts of the fusions could detect the
same bands as did the HMGIC probe. Eight ectopic

more than threefold. b: Expression of HMGIC, FHS6, and FHSIO in
tumor and normal tissue was analyzed by Northern blots. HMGIC
detects transcripts of aberrant size in different tumor samples. An “A”
below the HMGIC blot indicates more than threefold amplification of
the gene. All probes failed to detect transcripts in normal tissues.
Hybridization to an 18S rRNA oligonucleotide probe is shown as
loading control. HMGIC and FHS10 were sequentially hybridized to the
same filter and FHS6 to a duplicate. LS, liposarcoma.

sequences were investigated by Northern hybrid-
ization in seven patient samples, one xenograft,
and three normal tissues, and compared to the
results obtained with an HMGIC ¢cDNA probe.
Three of the eight ectopic probes tested (FHS3,
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s HMGIC FHS1 FHS2 FHS3 FHSS FHS6 FHST FHS10 FHS12
LS41 LS2 LS2 LS9 LS11 LS13 L522-2a LS28x
pxa® | mNA | DNa ] RNA | oNA | mva | osa [ rna | ona [ rea | ona [ rwa | osa | mma [ owa ENENED
FS2 N | N | N N N N i
HPIx N C N N N N
LS2 1+« N 2s 1N N | - - N - - N
LS6 | N _ N | N
L.59 N 28] N - - N N - N -
LS11 N - N N | - 4 v - N
L513 - - - - - - -
1.522-2a -8 -~ - N - N v - HN'EE
LS28 - [ 33 - ! - - 95 [ 14
LS28x 14 | - v 25l -  ~ N | - N - 95" 1.4
1.538 N N N N N )
LS41 12 25| N - N - - 14| N - 95 -
MFH3x N | N N N N N N N | N
MFH25 N N N N | N N N N
menst2x [N N N N | N [ N
MPNSTSx N N N N N N N N
nesx [ N N N N | N |
O56x N N N N N N N N
0sl1x - N . N N | N .
OSAcl N N N N N N N
RMS13¢cl N N N N N N N N
Mot available N Normal copy number — Amplified more than 3-fold Transcript detected
* Additional band of 1.4 kb " Additional hands of 6.0 and 9.5 kb " Described previously (Berner et al . 19497)
" Additional bands of 1.4 and 2.5 kb 4 Additional band of 3.3 kb « ¢ Nt expressed
FS, fibrosarcoma; HP, hemangiopericytoma; LS, liposarcoma; MFH malignant fibrous histiocytoma; MPNST, malignant peripheral nerve sheath tumour;

NCS, non-classified sarcoma; 08, osteosarcoma; RMS, rhabdom yosarcoma

Figure 3.

FHSS5, FHS7) failed to give detectable signals,
indicating that they may represent minor compo-
nents of the corresponding mRNA population, or
that these ectopic mRNAs do not have a discrete
size, due to inaccurate splicing or termination (Fig.
3). The remaining five detected transcripts in the
sample from which they were isolated, and in some
cases (FHS2, FHS6, and FHS10) also in additional
samples (Fig. 3). A Northern blot using HUGIC,
FHS6, and FHS10 as probes is shown in Figure 2.
In most of these cases, the probes recognized tran-
scripts of the same molecular weight as did the
HMGIC probe (Fig. 2b). Strong signals were ob-
tained from samples with amplification of the gene,
but no ectopic or HMGIC transcripts could be de-
tected in any of the normal tissues evaluated.
FHS6 detected a transcript in 1.S11, the sample it
was derived from, and an additional high-molecu-
lar-weight signal was observed in 1.S22-2a. FHS10
recognized transcripts in 1LS22-2a, from where it
originated, and was also expressed in [.S28, 1.S28x,
and LLS41. A summary of the expression results is
presented in Figure 3.

DISCUSSION

We have previously reported recurrent amplifi-
cation and overexpression of HMGIC in human

Summary of estimated copy number and expression of fused sequences.

sarcomas, as well as rearrangement of the gene
(Berner et al., 1997). In several cases, we found
HMGIC transcripts of aberrant size, lacking the 3’
sequences of the gene. This situation resembles
that in benign tumors, where a truncated HMGIC
protein is generated, with the DNA-binding AT
hooks intact, but lacking the C-terminal acidic do-
main (Schoenmakers and Van de Ven, 1997). It
seems that the truncated protein induces neoplas-
tic growth in the benign tumors, where it is ex-
pressed at low levels, and we suggested that addi-
tional overexpression due to amplification could
promote malignant progression. Such oncogenic
potential is supported by recent reports showing
lipomatosis and a high incidence of lipomas in
transgenic mice with truncated HMGIC (Battista
et al,, 1999; Arlotta et al,, 2000) and neoplastic
transformation of murine fibroblasts upon transfec-
tion (Fedele et al., 1998). In both of these cases,
the genes were artificially overexpressed.

In the present study, we have identified and
characterized a number of novel tumor-associated
rearranged HMGIC transcripts and determined the
chromosomal localization of their ectopic compo-
nent. The aim was to determine the structural basis
of these rearrangements both at the amino acid—
coding and chromosomal level. Northern blot anal-
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1424 origin

12q14-15 origin

nuclei 94B2 | RPI-79C4 | RP11-58A9 41C6 | 273)24
LS2 <2 39 % 85 % 3 % 36 %
3-9 15 % {
LS3x <2 16 % 57 % 33 % 65 % 69 %
39 | 43% 35 % 31%
210 S LT
LS6 9} 35 % 15 % 25 % 20 % 63 %
LS9
Ls43 2 9% 03 % 73 % 29 % 29 %
39 23 % 27% |
210 14 % :
More than 60% of the nuclei with copy number increases

LS, liposarcoma

Figure 4. Summary of DNA copy number by FISH analysis on interphase nuclei.

ysis revealed aberrant mRNAs for several tumors,
and in a number of cases strong smears were ob-
served, most likely due to imprecise splicing, tran-
scription termination, and heterogeneity between
amplified gene copies.

Using RACE analysis, we have identified novel
chimeric and variant HMGIC transcripts, some of
which were also found in normal tissues. Whereas
the majority of the cloned transcripts had novel
sequences replacing exons 4-5 of HMGIC, in LM-
30.1 only exon 5 was replaced. This is apparently a
normal alternate splicing variant or intermediate, as
it was found also in normal tissues. A second class
of variant transcripts (1Li-538, Li-192) is recurrently
observed in lipomas, although the translocation
partner of HMGIC varies (Schoenmakers et al.,
1995). These transcripts were also observed in sam-
ples with amplification, in some cases in addition to
bona fide ectopic fusions (e.g., in LS9), but not in
normal tissues. Most likely, these variants have
been aberrantly spliced because the normal 3’
splice site is lost as a result of translocation or
rearrangement, and adjacent sequence, probably
from the large intron 3, is recruited for splicing. In
all other cases, with one exception, the novel ec-
topic sequences were spliced onto exon 3, consis-
tent with the proposed oncogenic hypothesis. The

exception was FHS4, which had also lost the third
exon of HMGIC. Interestingly, two other ectopic
transcripts containing exon 3 were observed in this
tumor, and the sequence of FHS4 was also found at
the 3’ end of one of them (FHS3). Thus, in this
case, it seems likely that two different splice vari-
ants from the same genomic rearrangement have
been cloned, and in one of them exon 3 has been
spliced out. It is possible that the overrepresenta-
tion of rearrangements within intron 3 rather than 2
1s caused simply by its much larger size (140 kb).
Thus, we cannot conclude from the present data
that exon 3 is needed for oncogenic activity. The
ectopic peptides reported here have no common
pattern, and one ectopic sequence codes for a sin-
gle isoleucine (FHSS5, Table 2). The many differ-
ent ectopic sequences involved, in many cases orig-
inating from nontranscribed sequences, indicate
that reciprocal fusion transcripts are of no impor-
tance.

The majority of the ectopic sequences were de-
rived from 12q14-15 (Table 2) and probably arise
from local rearrangement within this region dur-
ing amplification. Amplification patterns around
HMGIC are discontinuous (Berner et al., 1997).
Exons 4-5, being approximately 140 kb away from
the first three exons, may ecasily be lost due to
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random chromosomal breakage during amplifica-
tion and subsequently become enriched in the tu-
mor cell population due to positive selection
(Berner et al., 1997). Such a mechanism is sup-
ported by the observation that the ectopic se-
quences were frequently found to be amplified
together with the truncated HMGI( also when they
are not fused to HMGIC (Figs. 1-4). FISH and
sequence analyses showed that the remaining ec-
topic sequences originated from other chromo-
somes, indicating considerable complexity of the
amplicons. The amplification-associated rearrange-
ment of HMGIC is typical of well-differentiated
liposarcomas. These tumors are characterized by
giant rod or ring marker chromosomes, containing
amplified sequences of various chromosomal ori-
gins, and in all our cases including parts of the
12q13-15 region and the MDM?Z2 gene (Pedeutour
et al., 1994, 1999). Our finding of HMGIC tran-
scripts fused to sequences from the long arm of
chromosome 1 (FHS5, FHS7, and FHSS8) is con-
sistent with this region also being frequently am-
plified in these tumors (Forus et al., 1995a, 1998;
Pedeutour et al., 1999). Sequences from chromo-
somes 1 and 12 have been shown to be intermin-
gled in the markers (Dal Cin et al., 1993; Pedeu-
tour et al., 1994), revealing zebra-striped patterns
upon FISH analysis (Gisselsson et al., 1998; Pedeu-
tour et al.,, 1999). It is interesting to note that in
LS2, HMGIC was fused to various ectopic se-
quences of different chromosomal origins (chromo-
somes 11 and 12).

Most sequences did not show similarity to pre-
viously described genes, with one exception. FHS2
codes for NOT2, the human ortholog of the yeast
NorZ gene (Albert et al., 2000), localized to 12q.
"This protein is part of the Ccr4-NO'T protein com-
plex that globally regulates basal transcription by
RNA polymerase II. The deduced amino acid se-
quence of FHS2 corresponds to the last 28 amino
acids of the C-terminal domain, which is highly
conserved throughout species and might well con-
fer some gain of function to HMGIC.

Searching in the EST database revealed similar-
ity of FHS1, FHS3, and FHS4 to previously de-
scribed EST's, indicating that these sequences cor-
responded to transcribed parts of the genome. In
addition, some other probes (e.g., FHS6, FHS10)
detected tumor transcripts not coinciding with
those detected with the HMGIC probe, indicating
that they also originated from genes, although no
expression was detected in the normal samples
(Fig. 2).

In sarcomas with 12q13-15 amplification, MDM2
and/or CDK#4 are always included in the amplicon
(Berner et al., 1997). Although truncated HMGIC
alone may transform murine cells in culture, our
results show that in human malignant tumors
HMGIC was always amplified together with MDM2
(Berner et al., 1997), which may be a prerequisite
to bypass 7P53-mediated tumor suppression and
thus for malignant progression.

It is clear that amplification and rearrangement
of HMGIC alone are not sufficient for malignant
transformation of human cells. However, the fre-
quent truncation and coamplification of HMGIC in
liposarcomas points to a key role for this protein in
adipocytic tumor development.
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