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The high mobility group proteins (HMGs) are a
class oflow molecular weight, nonhistone, nuclear
proteins that bind DNA andfunction as transcrip-
tion cofactors. This class includes the HMGIfamily
members HMGI-C and HMGI(Y). Both are not sig-
nyflcantly expressed in differentiated adult tissues,
including fat, but their expression is induced in
proliferating and transformed ceUs. Their involve-
ment in the development oflipomatous tumors has
been recently demonstratedfor HMGI-C, which is
encoded by a gene located at 12q15, the chromo-
somal segment often rearranged in ordinary lipo-
mas. the same chromosomal segment is consis-
tently amplified in the ring and giant marker
chromosomes of atypical lipomatous tumors
(AMTs), a term used to designate tumors previ-
ously labeled as well differentiated liposarcomas

or atypical lipomas. The involvement ofHMGI(Y)
is strongly suspected as the gene coding for
HMGI(Y) is located at 6p21, a chromosomal seg-
ment rearranged in a subset ofordinary lipomas.
HMGI-C or HMGI(Y) protein expression was ana-
lyzed immunohistochemically in agroup of39 well
differentiated adipose neoplasms (19 lipomas and
20 ALTs) ofknown karyotype using polyclonal an-
tibodies raised against a recombinant protein
(HMGI-C) and against a synthetic peptide
(HMGI(Y)). The results of this study demonstrate
that HMGI proteins are commonly expressed in
weUl differentiated adipose neoplasms. Seventeen
of twenty ALTS (85.0%1o), all of which had ring or
giant marker chromosomes with amplification of
12q13-15, strongly expressedHMGI-C. HMGI-Cex-
pression was detected in 7 of11 ordinary lipomas
(63.6%) with alterations at 12q14-15 and in one
case with an abnormal karyotype that included
double minute chromosomes. HMGI-C immunore-
activity correlates with 12ql3-15 chromosomal al-
terations (P = 0.001). HMGI(Y) reactivity was
demonstrated in only two ordinary lipomas: one
with 6p21 rearrangement and one with normal
karyotype. No significant HMGI(Y) expression
wasfound in the ALTgroup. Theflnding of aber-
rant expression ofHMGIproteins in weUl differen-
tiated adipose neoplasms in association with
12q13-15 and 6p21 chromosomal changes sup-
ports theproposedpathogenetic role ofthisgroup
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ofproteins in the development of adipose tissue

tumors. (AmiJPathol 1997, 151:37-43)

The high mobility group proteins (HMGs) are a class
of nonhistone, relatively small nuclear proteins that
bind DNA and function as general transcription reg-

ulatory proteins. They lack activation domains and
have little specificity in binding but are believed to be
involved in the organization of chromatin at the time
of DNA transcription providing for the correct steric
arrangement of other transcription factors as well as

of the basic transcription machinery. They have
therefore been referred to as architectural transcrip-
tion factors.1 The HMGI family, consisting of HMGI-C
and HMGI(Y), represents a distinct subgroup. The
genes coding for the HMGI(Y)2 and HMGI-C3 pro-

teins have been molecularly cloned and their struc-
ture elucidated.4'- Both are expressed in the devel-
oping embryo but are not detectable at any

significant level in adult tissues,238 11 including
fat.10 Both are expressed in tumors and transformed
cell lines.12-17 Inactivation of the HMGI-C gene pre-
vents cell transformation in experimental models18
and induces hypoplasia of mesenchymal tissues
(with a specific deficit in the development of adipose
tissue).11

HMGI(Y) and HMGI-C are localized at 6p216 and
12q15,19 respectively. These chromosomal sites are

often rearranged in benign mesenchymal tumors,
including uterine leiomyoma, pulmonary chondroid
hamartoma, and lipoma.20 The involvement of
HMGI-C in the development of lipomas has been
recently proposed, as aberrant fusion transcripts
with other genes have been identified in several
lipoma cell lines and tissue samples.4' 19'21 However,
the overall prevalence of HMGI-C activation in lipo-
mas is unknown. Involvement of HMGI(Y) is strongly
suspected as 6p2l, the chromosomal region where
HMGI(Y) is located, is rearranged in a subset of
lipomas.20 22 In this respect, lipomas are analogous
to pulmonary chondroid hamartoma, an uncommon

tumor for which the association between cytogenetic
changes at 12q15 and 6p21 and alterations of
HMGI-C and HMGI(Y), respectively, has also been
recently demonstrated.23'24

Atypical lipomatous tumor (ALT, a term that encom-
passes tumors previously labeled as well differentiated
liposarcoma and atypical lipoma)25 are cytogenetically
characterized by ring and giant marker chromo-
somes22'25 with amplification of the 12q13-15 chromo-
somal region.26 Within this chromosomal region, which
is amplified in a variety of human sarcomas, discontin-
uous amplification units have been mapped and in-

clude the MDM2 and CDK4 gene loci.2730 As HMGI-C
is located at 12q13-15, it may also be activated and
therefore play a role in the development of ALT in
addition to that played in the development of their
benign counterpart, ordinary lipoma.

In this context, to further investigate the role of
HMGI proteins in the development of adipose tissue
tumors, we analyzed HMGI-C and HMGI(Y) protein
expression in a series of well differentiated adipose
neoplasms. This included a representative set of
lipomas of known karyotype and a set of ALTs in
which the characteristic 12q13-15 amplification was
previously demonstrated.26 The objectives of the
study were to determine whether 1) HMGI proteins
are expressed in well differentiated adipose neo-
plasms, 2) any correlation could be made with the
cytogenetic alterations, and 3) the expression pat-
tern in ordinary lipomas differs from that in ALT, their
malignant counterpart.

Materials and Methods

Selection of Cases
A total of 39 adipose tissue tumors from 36 patients
(3 patients had 2 independent tumors) were selected
for this study. All of the tumors were diagnosed and
cytogenetically investigated at the University Hospi-
tal of the Catholic University of Leuven (Belgium).
The original diagnostic slides were reviewed blindly
without knowledge of the previous histological diag-
nosis and karyotype. Nineteen tumors were classi-
fied as ordinary lipomas and reflected the principal
cytogenetic lipoma subgroups (normal karyotype,
12q15 involvement, 6p21 involvement, and 13q14
involvement).20'22 The following designations were
used to indicate the relevant karyotypic alterations:
ring (R), supernumerary ring chromosomes and/or
giant marker chromosomes; 12q, aberrations involv-
ing the chromosome segment 12q13-15; 6p, aber-
rations involving the chromosomal site 6p21; 13q,
aberrations involving any part of the long arm of
chromosome 13; 8q, aberrations involving chromo-
some segment 8q1 1-13; other, aberrations not fall-
ing into any of the groups listed above; normal (N),
normal karyotype (see Tables 1 and 2). Twenty tu-
mors were classified as ALT (traditionally labeled
well differentiated liposarcoma or atypical lipoma),
and all exhibited a supernumerary ring or giant
marker chromosome, which characterizes this spe-
cific subtype of adipose tissue tumor.25 The ALT
cases included in this study were previously studied
by fluorescent in situ hybridization (FISH) using the
microclone library ML12q1315 as a molecular probe
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for the 12q13-15 chromosomal region.26 FISH anal-
ysis demonstrated amplification of 12q13-15 in all
tumor cases.

Immunohistochemistry
Representative formalin-fixed, paraffin-embedded
sections were processed for immunohistochemis-
try according to established techniques in our lab-
oratory.31 The HMGI-C antibodies were raised in
rabbit against the recombinant murine HMGI-C
protein.13 Given the high degree of homology be-
tween mouse and human HMGI-C, the antibodies
also recognize the human protein.13 At the dilution
used in this study, no significant cross-reactivity
was observed with HMGI(Y). The HMGI-C antibod-
ies were used at a 1:400 dilution. Before incuba-
tion with the HMGI-C antibodies, histology sec-

tions were pretreated with 0.6 mg of Pronase
(Sigma Chemical Co., St. Louis, MO) for 5 minutes.
The antibodies against HMGI(Y) were developed
against a HMGI(Y)-specific synthetic peptide cor-

responding to the amino-terminal portion of the
molecule.13 They were used at a 1:100 dilution.
Negative controls were performed by incubating
the histology sections with an unrelated nuclear
antibody against human papilloma virus (Dako
Corp., Carpinteria, CA) according to the specifica-
tions provided by the manufacturer. Immunohisto-
chemistry results were analyzed without knowl-
edge of the cytogenetic data. Nuclear staining for
HMGI-C or HMGI(Y) was observed in a variable
proportion of the neoplastic adipocytes. The num-

ber of positive cells was counted in 20 high-power
fields (x40) for each histology section and quan-

tified as a percentage. Positive cases were divided
into percentile groups according to the extent of
tissue reactivity. Only cases in which there was

positive staining in greater than 10% of the neo-

plastic adipocyte nuclei were scored as positive.
The significance of the immunohistochemical data
was statistically evaluated. The Fisher's exact test
was used to determine the association between
HMGI-C reactivity and 12q13-15 aberrations as

well as that between HMGI-C and the morpholog-
ical diagnosis (ALT versus ordinary lipoma). Statis-
tical comparison of the degree of positivity be-
tween ALT and the lipoma group was carried out
by assigning a rank number to the percentile
range (0 to 10% = 1, 1 1 to 20% = 2, and so on)
and then performing a Student's t-test between the
two groups.

Table 1. HMGI Immunoreactivity and Karyotypic
Alterations in Atypical Lipomatous Tumors

Case HMGI-C HMGI(Y) Cytogenetics

1 61-70 - R, other
2 31-40 - R, 8q, other
3 - - R
4 51-60 - R
5 31-40 - R, other
6 - - R
7A 81-90 - R, other
7B 41-50 - R, other
8 71-80 - R
9 31-40 - R
1OA 71-80 - R
10B 31-40 - R
11 41-50 - R
12 81-90 - R
13 71-80 - R, other
14 21-30 - R
15 51-60 - R
16 - - R
17 61-70 - R, other
18 51-60 - R

Immunohistochemical reactivity is expressed as the proportion
of positive cells estimated in percentile groups. Immunoreactivity
is compared with the relevant cytogenetic alterations (see
Materials and Methods for abbreviations). In cases 7 and 10,
recurrent tumors were excised from the same patient and are
referred to as samples A and B. -, negative.

Results
The immunohistochemical results, with the propor-
tion of positive cells expressed in percentile groups
for each tumor, and the cytogenetic findings are
summarized in Table 1 for the ALTs and Table 2 for

Table 2. HMGI Immunoreactivity and Karyotypic
Alterations in Ordinary Lipomas

Case HMGI-C HMGI(Y) Cytogenetics

1 - - 12q, 13q, other
2 21-30 - 12q, 13q
3A - - 12q
3B - - 6p
4 21-30 - 12q, 6p
5 31-40 - 12q
6 - - 12q
7 21-30 - 12q
8 - 51-60 6p
9 - - 12q
10 31-40 - 8q, other
11 41-50 - 12q, 13q
12 21-30 - 12q, 13q
13 - 21-30 N
14 - - 13q
15 - - N
16 - - N
17 31-40 - 12q
18 - - N

Immunohistochemical reactivity is expressed as the proportion
of positive cells estimated in percentile groups. Immunoreactivity
is compared with the relevant cytogenetic alterations (see
Materials and Methods for abbreviations). In case 3, two separate
lipomas were resected from the same patient and are referred to
as samples A and B. -, negative.
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Figure 1. a: Strong nuclear reactivityfor HMGI-C in the neoplastic adipocytes, including multinucleated lipoblasts (inset), ofan atypical lipomatous
tumor(case 12); the tumor had 12q13-15 amplification demonstrated by FISH analysis with microclone library ML12q1315 as a molecularprobe.
b: Corresponding negative control. C: Positive nuclear reactivity in the neoplastic adipocytes ofan ordinary lipoma (case 8); cytogenetic analysis of
the tumor demonstrated t (3;6)(q28;p21). d: Corresponding negative control. Magnification, X 400.

the ordinary lipomas. Seventeen of twenty ALTs
(85.0%) were positive for HMGI-C, demonstrating a
predominantly nuclear pattern of reactivity (Figure
la). The estimated mean and median values of pos-
itivity for the neoplastic adipocytes in the ALTs were
both in the 50 to 60th percentile group. No significant
HMGI(Y) expression was found in the ALTs. HMGI-C
expression was detected in 8 of 19 of ordinary lipo-
mas (42.1%), 7 of which exhibited 12q15-13 rear-
rangement. The remaining case showed an unusual
rearrangement with double minute chromosomes.
The estimated mean and median values of positivity
for the neoplastic adipocytes in the ordinary lipoma
group were both in the 30 to 40th percentile group.
HMGI(Y) was positive in 2 of 19 ordinary lipomas
(10.5%), one with a normal karyotype and the other
with a 6p21 rearrangement (Figure lc). Unfrequent
adipocyte nuclei reacted with HMGI-C or HMGI(Y)
antibodies in the remaining nine ordinary lipomas
scored as negative. HMGI-C positivity correlated

with karyotypic changes, translocation or amplification
in the ring chromosomes, involving 12q13-15 (P =
0.001, Fisher's exact test). A significant association
was found between HMGI-C positivity and a morpho-
logical diagnosis of ALT (P = 0.008, Fisher's exact
test). In addition, comparison of the estimated percent-
ages of neoplastic adipocytes immunoreactive for
HMGI-C between the positive ALTs and ordinary lipo-
mas demonstrated a greater extent of tissue reactivity
in the ALT group (P = 0.002, Student's t-test).

Discussion
This study demonstrates that HMGI proteins are ab-
errantly expressed in adipose tissue tumors. Al-
though HMGI-C is not normally expressed in mature
adipose tissue,10 fusion mRNA transcripts as a con-
sequence of 12q13-15 rearrangement have been
identified in several lipoma cell lines and tissue sam-
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Figure 2. a: Metaphase spread from an atypical lipomatous tumor (case 7a) exhibiting three long marker chromosomes (arrows) and three
chromosomes 12 (arrowheads). b: FISH analysis ofa metaphase spreadfrom the same tumor with microclone library ML12q1315 as a molecular
probe demonstrating amplification of 12q13-15 in the long marker chromosomes (arrows) and painted 12q13-15 regions (asterisks).

pies.4'19'21 The translocation partner of HMGI-C on

chromosome 3q27-28 has been recently character-
ized.21 Such aberrant mRNA would result in chimeric
proteins or HMGI-C truncation responsible for tumor
development.4'1921 In most cases, the breakpoint in
the HMGI-C gene occurs in the large (approximately
140 kb)19'32 third intron of the gene, and the putative
chimeric protein includes the three DNA binding do-
mains from exons to Ill in the amino-terminal portion
of the molecule,21'32 which are recognized by the
antibody used in this study.13 The aberrant expres-
sion of HMGI-C in the majority of the adipose tissue
tumors tested in this study is consistent with the
proposed role of HMGI-C in the development of or-

dinary lipomas and demonstrates that HMGI-C acti-
vation is a very common occurrence. The expression
of HMGI-C, even greater in ALTs compared with
ordinary lipomas, indicates that HMGI-C is also ac-

tivated in this tumor type. All the tumors for which a

specific pathogenetic role of HMGI-C has been so

far postulated (such as pulmonary chondroid hamar-
toma, endometrial polyp, and leiomyoma) are be-
nign.19 This study suggests that activation of
HMGI-C may play an important role also in the de-
velopment of malignant tumors such as ALTs, which
can be regarded as the malignant counterpart of
ordinary lipoma.

The highly significant (P = 0.001) correlation with
12q13-15 chromosomal alterations, both chromo-
somal translocation in ordinary lipoma and amplifica-
tion in ALT, is consistent with the view that specific

genetic events underlie the increased HMGI-C protein
levels observed. In fact, the only tumor to express

HMGI-C without cytogenetic alterations at 12q13-15 is
an ordinary lipoma with double minute chromosomes,
a rare but documented occurrence in benign tumors (P
DalCin, S Wanschure, B Kazmierczak, G Tallini, J
Bullerdiek, De Wever, P Moerman, and H Van Den
Berghe H, submitted for publication), and it is tempting
to speculate that the amplified genetic material in the
double minute chromosomes includes the HMGI-C
gene. The lack of HMGI-C immunoreactivity in seven

tumors (four ordinary lipomas and three ALTs) with
12q13-15 alteration can be explained by an increase
in protein expression below the sensitivity threshold of
this study, by a fusion protein too abnormal to be
recognized by the antibody, by sample bias, or by a

combination of the above. An additional explanation is
the involvement of other genes located at 12q13-15, a

possibility which, in the case of the ALTs, would be
supported by the discontinuous amplification of a va-

riety of genomic segments (some including the MDM2
or CDK4 genes) located at 12q13-15.27-30

In contrast, HMGI(Y) protein expression is rela-
tively uncommon in adipose tissue tumors, being
detectable in only two tumors in this series. The fact
that one of them has chromosomal rearrangement of
6p21, where the HMGI(Y) gene is located, indicates
that the association between HMGI and cytogenetic
changes includes HMGI(Y) as well. A small subset of
ordinary lipoma is characterized by 6p21 rearrange-

ments,2022 suggesting an analogy with pulmonary
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chondroid hamartoma, an uncommon tumor for
which the association between cytogenetic changes
at 12q15 and 6p21 and alterations of the HMGI-C
and HMGI(Y) genes, respectively, has also been
recently proposed.23'24
The higher prevalence of HMGI-C-positive cases in

ALTs (P = 0.008) is likely to be related to the greater
proportion of ALT cases with 12q13-15 alterations (all
of the ALTs had amplified 12q13-15 chromosomal
segments) compared with the group of ordinary lipo-
mas that included cases with 13q, 6p, and 8q as well
as cases with normal karyotype. It is nevertheless con-
sistent with a correlation between HMGI-C activation,
12q13-15 chromosomal changes, and morphological
appearance. Comparison of the proportion of neoplas-
tic adipocytes expressing HMGI-C in the ALTs and
ordinary lipomas that scored positive by immunohisto-
chemistry demonstrates an overall greater extent of
tissue reactivity in the ALT group (P = 0.002). Although
the molecular mechanism(s) of HMGI-C activation in
ALTs have yet to be elucidated, amplification of
12q13-15, the characteristic cytogenetic feature of
ALTs,22'25,26 suggests that HMGI-C amplification, with-
out ruling out subchromosomal rearrangement of the
gene, should be the underlying mechanism. Although
the relationship between gene amplification and in-
creased expression of the protein may be complex and
is often not completely understood,33 one may argue
that gene amplification may result in high expression
levels. In fact, immunohistochemical findings in this
study would be compatible with the view that molecular
alterations at 12q1 3-15 with activation of HMGI-C are
part of a tumorigenic sequence shared by adipose
tissue tumors with (ALT) and without (ordinary lipoma)
morphologically identifiable cytological atypia. At one
end of the spectrum, the ALT exhibits fully developed
morphological and cytogenetic changes (amplification
and supernumerary ring chromosomes); at the other
end, adipose tissue tumors with very minimal or no
(ordinary lipoma) cytological abnormalities share mo-
lecular alterations at 12q13-15.2534 The correct clas-
sification of lipomatous tumors is based on the mor-
phological features, and as such, the diagnosis of ALT,
which implies a potentially aggressive clinical behav-
ior, is subject to inter-observer variability and sample
bias.22 The finding of high expression levels of HMGI-C
may be a useful adjunct to the morphological observa-
tion. Unfortunately, the considerable overlap in
HMGI-C expression greatly limits the diagnostic value
of such a marker in the discrimination between those
tumors that are entirely benign (ordinary lipomas) and
those with a potentially aggressive behavior (ALTs).

In summary, this study demonstrates that HMGI
proteins, in particular HMGI-C, are often aberrantly

expressed in well differentiated adipose neoplasms
and that their expression correlates with alterations
at 12q13-15 and 6p21, the chromosomal regions
where HMGI-C and HMGI(Y) are located. These find-
ings are consistent with a pathogenetic role for HMGI
alterations in the development of both benign (ordi-
nary lipomas) and malignant (ALTs) adipose tumors.
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