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Soft tissue and skeletal chondromas are rare enti-
ties, and only 21 cases with abnormal karyotypes
have been reported. A survey of these, and 10 new
cases reported herein, showed that the 12q13–15
segment is nonrandomly involved in structural re-
arrangements in chondromas. The HMGA2
(HMGI-C) locus in 12q15 is frequently rearranged in
other benign mesenchymal tumors, and this study
aimed at characterizing the expression ofHMGA2 in
chondromatous tumors. Thematerial consisted of 8
soft tissue and 6 skeletal chondromas, as well as of
14 skeletal chondrosarcomas. All cases had been
cytogenetically analyzed. Expression of HMGA2
could be assessed by RT-PCR in 8 chondromas and
13 chondrosarcomas. HMGA2 was expressed in 4of
six soft tissue chondromas, all displaying 12q-
rearrangements at cytogenetic analysis. A truncated
transcript (exons 1–3), but not a full-length (exons
1–5) transcript, was detected in three of them, sug-
gesting activation through an intragenic rearrange-
ment. One soft tissue chondroma had a t(3;12)(q27;
q15), and the RT-PCR analysis revealed an HMGA2-
LPP fusion transcript, composed of HMGA2 exons
1–3 and LPP exons 9–11. An identical fusion tran-
script previously has been identified in lipoma and
pulmonary chondroid hamartoma. In the fourth
soft tissue chondroma, a full-length transcript was
detected, indicating expression of at least one intact
allele. Both skeletal chondromas expressedHMGA2.
In one of them, a full-length transcript was de-
tected, even though 12q was cytogenetically unaf-
fected. A truncated or full-length transcript was

found in 8 of 13 chondrosarcomas, 4 of which dis-
played 12q rearrangements. Possibly, cryptic rear-
rangements were present among themany complex
marker chromosomes in the remaining 4 cases.

KEY WORDS: Chondroma, Chondrosarcoma, FISH,
HMGA2, HMGA2-LPP, RT-PCR.
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Benign cartilage tumors (enchondromas and peri-
osteal chondromas) represent some 10–25% of all
primary bone tumors. Enchondromas typically oc-
cur in the small tubular bones of the hands and
feet, whereas the rare periosteal chondromas pre-
dominantly appear on the surface of the long tubu-
lar bones (1). Soft tissue chondromas (extraskeletal
chondromas), which have no connection to the un-
derlying bone or periosteum, are rare, and close to
two thirds of these tumors are found in the fingers
(2). The variable histological appearance of benign
chondromatous tumors often makes the distinction
from low-grade chondrosarcoma difficult, and clin-
ical features and radiological findings are often
needed to reach a correct diagnosis. Only 21 cyto-
genetically abnormal bone and soft tissue chondro-
mas have been published (3; December 2002), re-
stricting the possibilities of relating the clonal
chromosomal aberrations to a particular pathologic
subtype. Furthermore, most studies of chondromas
have presented small series, with many cases show-
ing normal karyotypes or nonclonal changes only
(4–7).
Chromosome region 12q13–15 is frequently in-

volved in structural rearrangements in a number of
benign mesenchymal tumors, such as uterine
leiomyoma, lipoma, and pulmonary chondroid
hamartoma, as well as in pleomorphic salivary
gland adenoma (3). Molecular genetic analyses
have disclosed that a common target for these re-
arrangements is theHMGA2 (HMGI-C) gene located
in 12q15 (8–10). The HMGA2 protein is a member
of the high–mobility group A (HMGA) proteins,
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which are small, nonhistonic, chromatin-
associated proteins. These proteins are believed to
affect transcription as architectural elements by
bending the DNA and by interacting with a large
number of other proteins, mainly transcription fac-
tors, but also to influence chromatin changes dur-
ing the cell cycle (11). The HMGA2 gene is highly
(and ubiquitously) expressed in embryonic tissues,
but even though expression of HMGA2 has only
been detected in adult kidney, lung, and synovia
(12, 13), HMGA2 is expected to have a role in adult
tissues as well (11). The HMGA2 gene has five ex-
ons, and the first three, each encoding a DNA-
binding domain, are separated from the last two
exons by a large intron (14). Rearrangements of
HMGA2 in mesenchymal tumors often result in the
in-frame fusion of the three first exons to an ectopic
sequence, giving rise to a chimeric protein that may
have an impact on transcription of other genes (8,
11, 15). It has been proposed that lack of the
HMGA2 3'-terminal, rather than the acquisition of
new sequences, causes the altered phenotype. In-
deed, expression of truncated HMGA2 is associated
with gigantism and adipose tissue hyperplasia in
transgenic mice (16), as well as with transformation
of NIH3T3 mouse cell lines (17). However, in some
tumor types, notably uterine leiomyomas, expres-
sion of a full-length transcript rather than the cre-
ation of a fusion gene is the typical outcome of
12q13–15 rearrangements (18). Furthermore, it has
been shown in experimental models that also the
full-length transcipt, when aberrantly expressed,
may induce neoplastic growth (19). Thus, it pres-
ently seems as if both full-length and truncated
HMGA2 transcripts may be oncogenic.

It has been suggested that rearrangements of
chromosome bands 12q13–15 are characteristic for
a subgroup of chondromas (4, 5, 20, 21), but so far
the status of the HMGA2 gene has not been studied
in these neoplasms. The aim of the present study
was to analyze the expression of full-length and
truncated HMGA2 in a series of cytogenetically an-
alyzed soft tissue and bone chondromas. For com-
parison with the expression pattern in malignant
chondromatous neoplasms, we also included chon-
drosarcomas representing different cytogenetic
subgroups.

MATERIALS AND METHODS

Patients
The material consisted of 8 soft tissue and 6 skel-

etal chondromas, as well as 14 skeletal chondrosar-
comas (Table 1). The chondroma patients (five
women, nine men) were 13–74 years old (median,
53 y), and the chondrosarcoma patients (six
women, eight men) were 28–80 years old (median,

63 y). The chondromas represented all such tumors
collected at our department during the last 15 years
and from which material for expression analysis
was available. The chondrosarcoma samples were
selected to represent different cytogenetic sub-
groups (22). One (Case 15) was a peripheral chon-
drosarcoma, whereas the remaining 13 tumors
were central. Nine tumors were classified as pri-
mary (conventional), four as dedifferentiated (Cas-
es 23–26), and one (Case 27) as a clear cell chon-
drosarcoma. One chondroma and three
chondrosarcomas were local recurrences; all other
samples were from primary tumors.

Cytogenetic Analysis
Culturing, harvesting, and G-banding were per-

formed as described (23), and the karyotypes were
written according to the recommendations of the
ISCN (24). The karyotypes of four of the chondro-
mas and seven of the chondrosarcomas have been
published (4, 7, 21, 22).

RNA Extraction and cDNA Synthesis
Total RNA was extracted from frozen tumor tis-

sue using the Trizol-reagent according to the man-
ufacturer’ recommendations (Gibco BRL, Täby,
Sweden).

For the synthesis of cDNA, 1.2–5 �g of total RNA
was initially incubated for 10 minutes at 65° C. For
a 20-�L reaction, a mix containing 50 mM Tris-HCl,
pH 8.3 (at 25° C), 75 mM KCl, 3 mM MgCl2, 10 mM

DTT, 1 mM of each dNTP, 0.5 pM Random Hexam-
ers, and 28 U RNAse inhibitor (RNA guard, Amer-
sham), was then added. Finally, 400 U of M-MLV
Reverse Transcriptase (Invitrogen, Stockholm, Swe-
den) was added, and the reaction was incubated for
1 hour at 37° C, followed by incubation for 5 min-
utes at 65° C. As an internal control of cDNA quality,
1 �L of cDNA was amplified by polymerase chain
reaction (PCR) using Actin B-specific primers (Ta-
ble 2) (25).

HMGA2 Expression Analysis
HMGA2 transcripts were detected by reverse-

transcribed PCR (RT-PCR), and the nucleotide se-
quences for all primers used are presented in Table
2. Transcripts of HMGA2 exons 1–3 were detected
with primers HMG848(F) and HMG1021(R). Tran-
scripts for HMGA2 exons 1–5 were detected with
primers HMG848(F) and HMG1169(R).

For the PCR, 1 �L of single-stranded cDNA was
used as a template. The 50-�L reaction contained
20 mM Tris-HCl, 50 mM KCl, 1.25 mM MgCl2, 0.8 mM

dNTPs, 0.5 �M of each primer, and 1U Platinum Taq
DNA Polymerase (Invitrogen). Denaturation for 5
minutes at 95° C was followed by 35 cycles of 30
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seconds at 95° C, 30 seconds at 59° C, and 1 minute
at 70° C. The PCR products were analyzed on a 2%
agarose gel with ethidium bromide. A lipoma with a
t(3;12) translocation resulting in an HMGA2-LPP
fusion and cultured amniocytes were used as pos-
itive controls for expression of exons 1–3 and exons
1–5, respectively.

Detection of HMGA2-LPP Fusion
A chondroma (Case 4) with a t(3;12)(q27;q15) was

analyzed for the presence of an HMGA2-LPP fusion.
The primers HMG848(F) and LPP2064(R), located
on exon 1 of HMGA2 and exon 11 of LPP, respec-
tively, were used in the first PCR amplification. One
microliter of the first PCR products was amplified in
a second PCR using the HMG878(F) and
LPP1980(R) primers. The conditions for the PCR
were the same as described above. The PCR prod-
uct corresponding to the expected fusion transcript
was excised, purified using the QIAquick Gel Ex-
traction Kit (Qiagen, Hilden, Germany), and se-
quenced in a 20-�L reaction containing the primers
HMG878(F) and LPP1980(R), respectively, using the
dideoxy procedure with an ABI Prism BigDye ter-
minator cycle sequencing ready reaction kit on the
Applied Biosystems Model 310 DNA sequencing
system. The corresponding sequences of HMGA2
and LPP were identified by a BLAST search
(http://www.ncbi.nlm.nih.gov/blast).

FISH Analysis
For the characterization of 12q rearrangements,

the cosmids 142H1 and 27E12, containing exons
1–2 and 4–5, respectively, of HMGA2, were used
(15). A whole chromosome painting probe (Vysis,
Downers Grove, IL) was also used to unequivocally
identify material from chromosome 12. The cosmid
probes were labeled with FluorX-dCTP (Amersham)
and biotin-16-dUTP (Roche, Mannheim, Germany),
using the Megaprime DNA labeling kit (Amersham),
purified in a sepharose column before being dis-
solved in 50% formamide in 2� SSC hybridization
solution to a final concentration of 20 ng/�L. The
slides for FISH were treated as described elsewhere
(26).

RESULTS

Expression of HMGA2
The yield of extracted RNA from the tumor sam-

ples was low, but cDNA of sufficient quality, based
on expression of Actin B, could be synthesized from
8 chondromas and 12 chondrosarcomas. A sample
was not scored as positive for HMGA2 expression
unless a PCR product was detected twice.

Expression of HMGA2 was detected in four of six
soft tissue chondromas and in the two skeletal
chondromas (Fig. 1; Table 3). Among the soft tissue
chondromas, one case expressed a full-length (ex-
ons 1–5) transcript, and three cases expressed a
truncated (exons 1–3) transcript. All four positive
cases displayed rearrangements of chromosome
arm 12q at cytogenetic analysis. Both cases of skel-
etal chondroma expressed HMGA2. Case 9, with a
pericentric inv(12), expressed a truncated tran-
script; case 13, without any cytogenetically distin-
guishable involvement of 12q, expressed a full-
length transcript. Expression of HMGA2 was
detected in 8 of 12 chondrosarcomas, as a full-
length transcript in three of them and as a trun-
cated transcript in the other five (Table 3). Of the
eight positive cases, three displayed rearrange-
ments of chromosome arm 12q at G-band analysis.

HMGA2-LPP Fusion
PCR with HMG848(F) and LPP2064(R) combina-

tion amplified weakly a 642-bp cDNA fragment in

TABLE 2. Oligonucleotide Sequence Data of Primers for RT-PCR

Namea Sequence Nucleotides Accession nr.

ACTIN(F) 5�-CCTCGCCTTTGCCGATCC 277–294 M10277
ACTIN(R) 5�-GGATCTTCATGAGGTAGTCAGTC 2242–2220 M10277
HMG848(F) 5�-ACTTCAGCCCAGGGACAA 848–865 U28749
HMG878(F) 5�-GCGCCTCAGAAGAGAGGAC 878–896 U28749
HMG1021(R) 5�-GGCCGTTTTTCTCCAGTG 1038–1021 U28749
HMG1169(R) 5�-TCCCTTCAAAAGATCCAACTGCTGC 1193–1169 U28749
LPP1980(R) 5�-GGGTAGCAGCCTTGGTTATCTCCT 2003–1980 NM_005578
LPP2064(R) 5�-CTAAAGGTCAGTGCTCGCCTTG 2085–2064 NM_005578

a Primer orientation: (F) � forward, (R) � reverse.

FIGURE 1. Representative RT-PCR results of HMGA2 expression. A,
amplification of exons 1–3 (191 kb), using primers HMG848(F) and
HMG1021(R). B, amplification of exons 1–5 (346 bp), using primers
HMG848(F) and HMG1169(R). C, all cases included expressed Actin B.
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Case 4, carrying a clone with a t(3;12)(q27;q15) as
the sole cytogenetic change. Nested PCR with a
HMG878(F) and LPP1980(R) primer combination
amplified strongly a 530-bp fragment (data not
shown). Sequencing of the fusion transcript showed
that it was composed of exons 1–3 of HMGA2 and
exons 9–11 of LPP (Fig. 2), suggesting that the
translocation breakpoints were located in intron 3
of HMGA2 and intron 8 of LPP.

FISH Analysis
To test for rearrangements of HMGA2, a pair of

cosmids was used in the four cases in which meta-
phase spreads for FISH were available. In Case 1,
with insertion of 12q material into chromosome 4,
the signals from the two probes were split; 142H1
hybridized to the der(12) and 27E12 to the der(4)
(Fig. 3). In the other three cases (5, 13, and 15), no
rearrangement could be detected.

DISCUSSION

Based on the observations that chromosome
bands 12q13–15 are nonrandomly involved in
structural chromosome abnormalities in chondro-
mas and that the HMGA2 locus is the target for
chromosome 12 rearrangements in several other
benign mesenchymal tumors, we decided to assess
the status of the HMGA2 gene in a series of bone
and soft tissue chondromas. Whereas transcrip-
tional activation of HMGA2 could be demonstrated
in six of eight of the cases, the mechanisms behind

this seem to vary among chondromas. In the
present study, expression of HMGA2 was in most
cases associated with cytogenetically detectable re-
arrangements involving 12q13–15, but transcripts
were also detected in one case without any micro-

TABLE 3. Results of the HMGA2 expression analysisa

Case 12q13–15 Rearrangement
HMGA2

Exons 1–3 Exons 1–5

Soft tissue chondroma
4 t(3;12)(q27;q15) � �
1 ins(4;12)(q3?4;q1?5q2?3) � �
2 add(12)(q13),der(17)t(12;17)(q13;q21) � �
3 der(8)t(8;12)(q11;q15)del(8)(p22),der(12)t(X;12)(q24;q15) � �
6 � �
8 � �

Skeletal chondroma
9 inv(12)(p12q13) � �
13 � �

Skeletal chondrosarcoma
17 t(12;13)(q13;p13) � �
20 t(1;12)(p36;q13) � �
24 � �
25 � �
27 � �
19 �der(?)t(?;12)(?;q13)�2 � �
21 � �
23 � �
16 t(12;14)(q13;q24) � �
18 der(1)t(1;12)(p36;q13) � �
22 � �
26 NC NC
28 � �

a � � expression; � � no expression; NC � not conclusive.

FIGURE 2. A, partial chromatogram sequence showing the fusion,
indicated by an arrow, between exon 3 of HMGA2 and exon 9 of LPP.
B, complete sequence of the HMGA2-LPP fusion transcript detected by
RT-PCR in Case 4. Nucleotides 3–155 correspond to nucleotides 909–
1060 of HMGA2 (U28749), and nucleotides 156–493 correspond to
nucleotides 1657–1994 of LPP (NM_005578). The amino acid sequence
is indicated in capital letters.
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scopically detectable involvement of chromosome
12. A survey of all published karyotypes, as well as
of 10 previously unpublished karyotypes included
in this study, showed that in addition to the recur-
rent involvement of 12q13–15 in chondromas, gain
of chromosome 5 material; loss of material from
chromosomes 6, 13, 19, and 22; as well as rear-
rangement of band 6q13 are relatively common in
these tumors (Fig. 4). Thus, it has to be considered
that other mechanisms, besides rearrangements of
12q13–15, could be of importance in benign chon-
dromatous tumors.

In one of the soft tissue chondromas (Case 4), we
found a t(3;12)(q27;q15) at cytogenetic analysis.
The same translocation has been identified else-
where as a recurrent aberration in ordinary lipoma
and pulmonary chondroid hamartoma, and for
both tumor types it has been demonstrated that it
results in a fusion gene consisting of the first three
exons of HMGA2 and exons 9–11 of LPP (27, 28).
The finding of an identical gene fusion in a soft
tissue chondroma emphasizes the previous notion
that it is not the gene fusion as such that is decisive
for tumor cell differentiation. Clearly, the morphol-
ogy may vary from an entirely adipocytic differen-
tiation (lipoma), over mixed fatty and cartilaginous
differentiation (pulmonary chondroid hamartoma),
to predominantly cartilaginous phenotype (soft tis-
sue chondroma). Case 4 displayed areas of adipose
tissue, but the histopathologic features were more
compatible with chondroma than with lipoma with
metaplastic cartilage (chondrolipoma) or chon-
droid lipomas. Chondroid lipomas seem to be char-
acterized by a t(11;16), rather than 12q13–15 rear-
rangements. However, only two cases with clonal

chromosome aberrations have been reported (29,
30), and the expression status of HMGA2 has not yet
been investigated in this tumor type. To our knowl-
edge, no karyotype of chondrolipoma has been
published to date, impeding any histocytogenetic
correlation. Interestingly, a rearrangement of the
HMGA2 locus, as part of a complex translocation
involving chromosomes 2, 12, and 15, was recently
reported in one case of chondrolipoangioma (31),
further emphasizing the role of HMGA2 in benign
soft tissue tumors showing mixed adipose and car-
tilaginous differentiation.

A chromosomal exchange leading to intragenic
rearrangement of HMGA2 was the likely cause of
transcriptional activation also in two other soft tis-
sue chondromas. Both had rearrangements of the
12q13–15 region at cytogenetic analysis, and in
both cases expression of only a truncated transcript
was found. In one of these two chondromas (Case
1), FISH analysis showed that the cytogenetically
observed ins (4;12) indeed resulted in a separation
of the 5' and 3' parts of HMGA2. The finding of a
full-length transcript in the fourth soft tissue chon-
droma with 12q13–15 rearrangement is also consis-
tent with activation through a chromosomal rear-
rangement. Expression of the entire HMGA2 gene
has been shown to be achieved through alterations
affecting 5' regulatory elements or the 3' untrans-
lated region, leading to a stabilized mRNA (32, 33).
However, it should be noted that some tumors ap-
parently express both full-length and truncated
HMGA2 transcripts (34). Unfortunately, no meta-
phase spreads for FISH analysis were available from
that case, and we can thus not formally exclude the
possibility of an intragenic rearrangement.

FIGURE 3. Metaphase FISH of Case 1 with an intragenic rearrangement of HMGA2. The cosmids probes 142H1 (green) and 27E12 (red) hybridize
to exons 1–2 and exons 4–5 of HMGA2, respectively. A, normal metaphase. B, metaphase with an ins(4;12), in which the signal of 142H1 is seen on
der(12) and the signal of 27E12, on der(4).
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Two soft tissue chondromas without cytogeneti-
cally detectable 12q rearrangements did not show
any signs of HMGA2 activation at RT-PCR analysis.
Thus, in the sense that HMGA2 expression was seen
in all cases with 12q13–15 rearrangements, but not
in any of the cases without such cytogenetic aber-
rations, there was complete correspondence be-
tween cytogenetic and RT-PCR results among the
soft tissue chondromas. For the two skeletal chon-
dromas that could be analyzed at the transcription
level, a discrepancy between the results at the tran-
scription and chromosome levels was observed. In
one case (Case 9), showing a pericentric inversion
of chromosome 12, HMGA2 expression of a trun-
cated transcript could be detected, suggesting a
similar activating mechanism as described for soft
tissue chondromas. However, in the other (Case
13), a full-length HMGA2 transcript was seen de-
spite the fact that no rearrangement of chromo-
some arm 12q or the HMGA2 locus could be de-
tected at G-band or FISH analysis, respectively. The
findings in this latter case are difficult to explain,

but activation of HMGA2 possibly could have been
achieved through a cryptic rearrangement affecting
regulatory sequences or, alternatively, a tumor sub-
population with HMGA2 rearrangement could have
been lost during cell culturing, thus escaping de-
tection at cytogenetic and FISH analysis.

Eight of 12 chondrosarcomas, all of which were of
skeletal origin, expressed HMGA2, but there was no
clear correspondence between chromosomal find-
ings and expression status. HMGA2 transcripts were
equally frequent among chondrosarcomas with
(three of five cases) or without (five of seven cases)
12q13–15 rearrangements. Absence of HMGA2 ex-
pression in chondrosarcomas with 12q rearrange-
ments may be explained by the poor resolution of
chromosome-banding analysis, that is, the ob-
served breakpoint on 12q might be far outside the
HMGA2 locus. For the chondrosarcomas with ex-
pression of HMGA2 without cytogenetically visible
12q rearrangements, on the other hand, one needs
also to bear in mind that the karyotypes generally
were much more complex than those in the chon-

FIGURE 4. Ideogram showing the distribution of chromosomal gains (dotted lines), losses (solid lines), and breakpoints (dots) in 25 chondromas,
including cases in the present study and previously published cases (3).
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dromas. Thus, it could not be excluded that in-
volvement of the HMGA2 locus was hidden among
the many marker chromosomes that were seen in
most of the chondrosarcomas with HMGA2
expression.

Our observations show that the HMGA2 gene is a
frequent target for chromosomal rearrangements in
chondromatous tumors and that the mechanisms
behind the transcriptional activation vary. In gen-
eral, HMGA2 expression was low, sometimes barely
detectable, but no attempt to quantify the activity
was made. Whether this low expression is due to a
low RNA yield from the neoplastic parenchyma, or
whether HMGA2 is active only in a subpopulation
of tumor cells, was not determined within the range
of the present study. However, as expression of
full-length or truncated HMGA2 transcripts were
common both among benign and malignant le-
sions, analysis of this gene, be it at the DNA or RNA
level, does not seem to be useful for differential
diagnostic purposes.
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